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Art.   1.—  On   the  Longevity  of  Seeds.  ml]m 

By    ALFRED    J.    EWART,    D.Sc.,  Ph.D.,  F.L.S., 

Government  Botanist  and  Professor  of  Botany  in  the 
University  of  Melbourne. 

With  an  Appendix  by  Miss  Jean   White,  M.Sc. 

(Published   with   the  permission  of  the  Hon.  G.   Swinburne,  M.L.A., 
Minister  for  Agriculture).1 

[Bead  12th  March,  1908]. 

Probably  few  sections  of  human  knowledge  contain  a  larger 
percentage  of  contradictory,  incorrect  and  misleading  observa- 
tions than  prevail  in  the  works  dealing  with  this  subject,  and, 
although  such  fables  as  the  supposed  germination  of  mummy 
wheat  have  long  since  been  exploded,  equally  erroneous  records 
are  still  current  in  botanical  physiology.  In  addition  there  are 
considerable  differences  of  opinion  as  to  the  causes  which  deter- 
mine the  longevity  of  seeds  in  the  soil  or  air.  The  works  of  de 
Candolle,  Duvel  and  Becquerel  are  the  most  accurate  and  com- 
prehensive dealing  with  the  question,  and  in  addition  Vilmorin 
has  published  very  useful  data  in  regard  to  the  seeds  of  culinary 
vegetables.  The  subject  is  still,  however,  in  an  incomplete  and 
fragmentary  condition. 

Shortly  after  my  arrival  in  Melbourne,  in  a  locked  cupboard 
received  from  the  late  Prof.  MoCoy/s  old  Natural  History  depart- 
ment, two  large  packages  of  named  seeds  were  found,  including 
over  600  different  sorts.  The  packets  were  all  numbered  and 
named,  and  accompanied  by  a  list,  dated  1850,  and  marked 
"  Seeds  of  Kew."     The  paper,  however,  of  the  list  and  packets 

1  With  the  aid  of  a  special  grant  from  the  Agricultural  Department. 
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borp  an  1856  watermark,  and  on  reference  to  Kew,  Dr.  Prain 
considered  the  1850  to  be  probably  an  error  for  1856.     On  fur- 
tthar   investigation   it  was  found  that  when  the  University  of 
Melbourne  was  founded,  Baron  von  Mueller  sent  these  seeds  to 
••Prof.  McCoy  for  the  University  garden,  but  as  the  garden  was 
"  not  ready  the  seeds  were  placed  on  one  side  and  replaced  later  by 
fresh  sendings.     The  original  1856  sets  of  seeds  became  subject 
to  Prof.  McCoy's  remarkable  powers  of  collecting  and  storing 
material,  and  remained  unopened  and  untouched  in  a  dry,  airy, 
dark  cupboard,  shielded  completely  from  vermin,  until  the  Uni- 
versity's 50-year  Jubilee  in  1906. 

These  seeds  were  tested  at  first  in  soil,  but  this  was  soon  found 
to  be  unsatisfactory.  Subsequently  all  were  soaked  in  water 
after  counting,  hard  seeds  specially  treated  to  make  them  swell, 
and  then  placed  on  filter  paper  in  glass  dishes  kept  in  a 
germination  chamber.  The  elaborate  methods  used  by  Becquerel 
are  less  satisfactory  than  a  daily  inspection  of  the  material,  and 
renewal  of  the  filter  paper  or  washing  whenever  necessary.  All 
the  seeds  were,  before  being  finally  rejected  as  non-germ  in  able, 
tested  by  crushing  or  hand-lens  examination.  Prior  to  this  they 
were  exposed  to  light  and  to  a  raised  temperature  of  30-40  deg. 
C.  for  some  time,  whereas  during  the  early  period  of  each  test 
every  batch  of  seed  was  approximately  at  a  temperature  of  25  deg. 
C,  and  in  feeble  light  or  darkness. 

About  200  sets  of  10-year-old  seeds  were  obtained  from  Mr. 
Maiden,  and  Mr.  Baker,  of  Sydney,  and  from  Prof.  Stirling,  of 
Adelaide.  The  remainder  came  from  the  National  Herbarium, 
either  from  dated  specimens  or  from  stored  dated  seed  which 
had  been  used  in  the  past  for  exchange  purposes.  A  total  of 
nearly  3000  tests  were  made,  although  many,  being  made  in 
duplicate,  appear  once  only  in  the  alphabetical  lists.  With  these 
are  incorporated  all  the  previous  records  I  could  find,  so  that 
these  could  be  verified  or  corrected,  as  might  be  the  case,  and 
the  list  made  as  comprehensive  as  possible.  In  addition  the  list 
includes  a  number  of  observations  by  Darwin,  Berkeley,  Giglioli, 
Duvel  and  others  on  the  resistance  of  seeds  to  sea-water,  and  to 
other  injurious  agencies  or  conditions,  including  burial  in  the 
soil  since  these  are  factors  in  longevity. 
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The  first  column  gives  the  name  of  the  seed,  the  second  the 
age  in  years,  the  third  the  number  of  seeds  tested-1,  the  fourth 
the  percentage  germinating  (which  in  nearly  all  previous  records 
is  omitted!),  and  the  fifth  the  author  making  the  observation 
and  any  remarks  as  to  treatment.  If  no  author's  name  is  given 
Hie  observation  is  original.  To  save  frequent  footnotes,  a 
reference  list  of  the  chief  works  consulted  is  appended  beneath. 
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GENERAL    SUMMARY. 

'Rio  records  of  old  seeds  germinating  fall  naturally  into  two 
groups — (1)  records  where  the  seed  is  supposed  to  have  lain 
dormant  in  the  soil,  the  latter  having  been  undisturbed  (presum- 
ably); and  (2)  authentic  records  of  stored  or  herbarium  seeds. 
Even  as  regards  the  latter,  some  of  the  records  seem  to  be  in- 
correct (viz.  Phaseolus),  the  seeds  possibly  having  been  inserted 
at  a  later  date  or  the  labels  misplaced.  The  earliest  complete 
records  are  those  of  de  Candolle  (Z.c),  who  found  that  out  of  368 
seeds  kept  dry  in  air  for  fourteen  years  only  17  retained  a 
feeble  germinative  power,  these  including  5  out  of  10  species  of 
Malvaceae,  9  out  of  45  species  of  Leguminosae,  and  1  out  of  30 
Labiatae.  De  Candolle  did  not  specially  investigate  the  hard 
seeds  on  the  list,  and  hence  overlooked  the  fact  that  some  of 
them  (Acacia,  Medicago  and  Tri folium)  were  probably  gerin- 
inable  when  softened. 

Taking  these  precautions  in  an  elaborate  form  by  removing 
the  integuments,  sterilising  and  soaking,  and  keeping  in  moist 
sterile  cotton  wool,  Becquerel  considerably  extended  de  Csmdolle's 
list,  and  found  that  18  out  of  90  leguminous  seeds,  those  of  2 
species  of  Nelumbium,  of  1  Labiate  and  of  1  Malvaceae  remained 
germinable  for  25  to  80  years.  The  oldest  germ  in  able  seed 
obtained  by  Becquerel  were  3  species  of  Leguminosae  80  years 
old.    - 

The  various  old  Herbarium  records  are  quoted  in  the  alpha- 
betical list,  but  do  not  require  special  mention.  In  regard  to  the 
records  of  seeds  supposed  to  have  lain  dormant  in  the  soil,  these 
appear  to  be  quite  worthless,  not  more  than  two  or  three  per 
cent,  being  confirmed  by  the  authentic  records  of  de  Candolle, 
Becquerel  and  myself.  It  might  be  argued  that  the  seed  might 
last  longer  in  the  soil  than  when  dried  in  air,  but  Duvel's  com- 
parisons of  the  germination  of  seeds  buried  in  soil  for  a  year, 
with  the  same  preserved  dry  in  arir  for  a  year,  show  that  as  a 
matter  of  fact  the  reverse  is  the  case  with  all  ordinary  seeds. 
The  only  apparent  exceptions  appear  to  be  with  those  hard  seeds, 
which  Duvel  seems  not  to  have  known  how  to  treat  to  induce 
germination. 


182  Alfred  J.   Evwrt: 

The  most  complete  set  of  soil  records  has  been  made  by  Peter 
(I.e.),  by  noting  the  appearance  of  plants  in  soil  taken  from 
forests  of  known  age,  without  undergrowth,  and  in  which  the  soil 
was  supposed  to  have  been  undisturbed  since  the  forest  wag 
planted.  He  found  certain  plants,  mainly  meadow  and  field 
weeds,  continually  appeared  where  a  forest  had  covered  meadow 
or  rield  for  20  to  40  years,  but  mainly  sylvan  plants  from  still 
older  forests,  and  hence  concluded  that  the  seeds  in  question 
had  lain  dormant  in  the  soil  during  the  life  of  the  forest.  This 
evidence  has  been  accepted  even  ir>  Pfeffer's  Physiology,  although 
the  logic  is  childish  in  the  extreme.  In  nearly  every  case,  as  can 
be  seen  from  the  lists,  the  seeds  in  question  have  a  short  duration 
of  life,  rarely  exceeding  five  years,  but  they  are  all  either  small 
or  readily  dispersed  by  wind,  or  animals,  thus  reaching  the  forest 
land  from  neighbouring  meadows,  etc.,  and  being  covered  more 
or  less  deeply  by  the  activity  of  burrowing  animals,  ants,  etc., 
or  falling  down  cracks  and  burrows  in  the  soil.  If  the  matter 
were  so  simple  as  Peter  imagines  it  to  be,  and  these  seeds  were 
derived  from  the  original  vegetation  prior  to  the  forest,  we  should 
expect  to  find  them  more  abundant  some  distance  below  the 
surface  than  on  the  latter  itself.  Those  on  the  surface  are  more 
apt  to  germinate  and  decay,  and  Duvel  has  shown  that  the  more 
deeply  buried  seeds  last  longer.  In  addition,  the  humus  from  40 
to  100  years  of  forestal  growth  would  be  sufficient  to  deeply 
cover  the  original  surface.  On  the  other  hand,  if  the  soil  is  con- 
tinually receiving  fresh  supplies  of  seed  from  wind  and  water,  or 
from  the  excrements,  feet  and  bodies  of  birds  and  other  animals, 
some  of  which  seeds  are  buried  from  time  to  time  by  burrowing 
animals  or  washed  down  cracks,  burrows  or  hole*  in  the  ground, 
we  should  naturally  expect  to  find  the  surface  richer  in  seeds 
than  the  deeper  layers.  Peter  found  germinable  seeds  down  to  a 
depth  of  32  cms.  (1  foot),  but  in  only  two  cases  were  a  few  more 
seeds  found  at  8-16  cms.  (3-6  inches)  than  on  the  surface,  and 
the  number  24  to  32  cms.  deep  was  from  3  to  20  times  less,  and 
never  greater  than  in  the  surface  layer.  Peter's  observations  are  1 
good  evidence  of  the  readiness  of  diBpersal  of  certain  seeds,  but  \ 
as  evidence  of  their  longevify  are  quite  untrustworthy.  They 
contain  »  grain  of  truth  buried  in  a  mass  of  inaccuracy.  The 
same  applies  to  adl  similar  records  of  supposed  old  seed  in  soil 
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or  under  water  being  germinable,  from  the  classical  case  of 
Mummy  Wheat  downwards.  Here  and  there  a  long-lived  seed 
has  accidentally  been  hit  upon,  but  in  the  great  majority  of  cases 
the  records  are  incorrect. 

The  Conditions  for  Longevity. 

These  are  partly  inherent  in  the  seed  itself,  and  partly  due  to 
the  external  conditions.  As  regards  the  latter,  all  observations 
agree  that  fairly  cool,  dry,  airy  conditions  preserve  seeds  best, 
while  in  the  soil  seeds  last  longer  in  the  deeper  layers  than  in  the 
surface  ones.  Seeds  with  impermeable  coats  are  less  dependent 
on  the  external  conditions  than  ordinary  ones,  and  may  resist 
immeraal  in  poisons  or  poisonous  gases  for  years  when  dry  and 
tmswollen.  Such  seeds  are  naturally  also  most  likely  to  last 
longest  in  the  soil. 

According  to  Fischer,  however,  the  seeds  of  Sayittaria  and 
similar  plants  may  be  kept  under  water  for  several  years  without 
losing  the  power  of  germination,  and  although  the  contents  of 
the  seed  are  moist.  This  is  a  far  more  remarkable  fact  than  the 
long  duration  of  certain  seeds  when  dry,  because  in  the  former 
case  there  is  a  greater  tendency  to  chemical  change,  and  feeble 
respiration  probably  takes  place.1 

A  few  seeds  (Willows,  etc.),  are  killed  by  air  drying,  and 
according  to  Poisson*  seeds  of  Cacao  begin  to  die  36  hours  after 
drying  outside  the -fruit.  In  the  case  of  all  ordinary  seeds,  the 
drier  the  seeds  the  longer  they  are  likely  to  last,  and  this  applies 
more  especially  to  starchy  seeds. 

The  chief  factor  in  longevity  is  the  inherent  character  of  the 
seed  itself.  In  1894*  I  showed  that  seeds  capable  of  withstand- 
ing thorough  drying  assume  a  perfectly  dormant  condition  in 
which  they  do  not  respire  and  are  not  living,  although  they  have 
a  power  of  restoring  life  potential  in  them  for  a  longer  or  shorter 
period  of  years.  Similar  conclusions  were  made  by  de  Candolle, 
who  appears  to  have  considered  that  all  seeds,  if  carefully  dried 
and  preserved,  would  retain  an  indefinitely  prolonged  power  of 

1  Crocker  (I.e.)  ha*  thrown  considerable  doubt  on  the  correctness  of  Fischer's  views. 
1  Bulletin  de  la  Soc.  bot.  de  France,  1903,  t.  1.,  p.  837. 

3  Ewart,  Trans.  Liverpool  Biol.  Soc.,  1894,  vol.  viii.,  p.  234. 

4  De  Candolle,  Archiv.  d.  Sci.  pays,  et  nat :  see  also  Nature,  1S95,  p.  34S. 
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germination.  This  is*  however,  incorrect,  and  according  to 
Becquerel,  only  those  seeds  can  preserve  their  vitality  for  long 
periods  of  time  which  are  protected  by  thick  coats  impermeable 
to  water  and  oxygen,  and  which  have  feebly  oxidizable  reserve 
materials.  This  is,  however,  only  a  partial  truth.  It  is  a  fact 
that  "  starchy  "  seeds  last  longer  than  oily  ones,  on  the  whole,  but 
reference  to  the  lists  will  show  that  many  seeds  containing  appre- 
ciable quantities  of  oil  are  comparatively  long  lived  (Myrtaceae, 
etc.)  The  truth  is  that  long-lived  (macrobiotic)  seeds  have 
mainly  been  developed  among  the  Leguminosae,  an  order  charac- 
terised by  its  starchy  reserve  food  materials.  Many  more  or 
less  endospermic  Leguminous  seeds  (Melilotus,  Cassia,  Cyti&us, 
Lotus  tetragonolobus,  etc.),  are  macrobiotic,  though  incapable  of 
the  same  duration  as  the  non-endospermic  seeds  of  Goodia  and 
Acacia. 

Longevity  depends  not  on  the  food  materials  or  seed  coats, 
but  upon  how  long  the  inert  proteid  molecules  into  which  the 
living  protoplasm  disintegrates  when  drying,  retain  the  molecular 
grouping  which  permits  of  their  recombination  to  form  the  active 
protoplasmic  molecule  when  the  seed  is  moistened  and  supplied 
with  oxygen.  Chemical  changes  in  the  food  materials  might 
hasten  the  irrevocable  disintegration  which  the  slow  process  of 
time  brings  about,  and  in  the  same  secondary  manner  the 
character  and  structure  of  the  integuments  will  be  of  importance. 
The  property  of  longevity  is  an  hereditary  peculiarity  inherent 
in  the  protoplasm  of  certain  seeds,  and  developed  by  natural 
selection  as  an  adaptation  to  special  conditions  of  life.  Accord- 
ing to  Acton,  samples  of  old  wheat  contained  more  soluble 
matter  and  less  water  than  fresh  wheat,  while  the  diastatic  and 
proteolytic  ferments  present  in  fresh  wheat  had  entirely  disap- 
peared. This  is,  however,  the  result  rather  than  the  cause  of 
death,  since  as  long  as  the  power  of  reconstituting  the  living 
protoplasmic  molecule  is  present,  the  power  of  reproducing  fresh 

ferments  is  retained. 

Macrobiotic  seeds  are  all  seeds  which  show  no  special  adapta- 
tions for  dispersal.  None  are  wind  or  water  borne,  and  although 
some    are    more   or  less    accidentally    distributed   by    animals, 


1  A  full  investigation  of  this  question  is  in  progress. 
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adhesive  seed*  or  fruits  are  conspicuously  absent  among  them. 
They  are,  in  fact,  distributed  in  time  instead  of  in  space.  Fall- 
ing to  the  ground  beneath  or  close  to  the  parent  plant,  a  few 
are  immediately  germinable,  but  others  only  after  long  periods 
of  years  or  after  special  actions  have  been  brought  to  bear  upon 
them. 

Although  a  few  seeds  (Phaseolus,  Triticu?n,  etc.)  with  readily 
permeable  coats  may  retain  their  vitality  for  many  years  in 
-dry  air,  true  macrobiotic  seeds,  adapted  for  prolonged  duration 
in  the  soil,  are  always  possessed  of  more  or  less  impermeable 
coats,  and  they  do  not  swell  and  germinate  until  these  coats 
have  been  softened.  Hiltner1  was  the  first  to  show  that 
hard  clover  seeds  swelled  readily  after  treatment  with  strong 
sulphuric  acid,  and  this  observation  was  extended  and  confirmed 
by  Jarzymowski.2  who  showed  that  after  appropriate  treatment 
with  strong  sulphuric  acid,  followed  by  washing  and  neutraliza- 
tion with  dilute  ammonia  or  lime  water,  the  percentage  of  clover 
seed  germinating  was  higher  than  by  any  other  form  of  treat- 
ment. Bergtheil  and  Day3  then  found  that  the  hardness  of  the 
seeds  of  Indigofera  ar recta  was  due  to  the  presence  of  a  very 
thin  impermeable  cuticle  on  the  surface  of  the  seed,  and  that 
when  this  was  eaten  away  by  half  an  hour's  treatment  with 
strong  sulphuric  acid,  or  broken,  the  seeds  swelled  readily. 
Miss  White  has  investigated  all  the  hard  seeds,  for  which  I  found 
treatment  with  sulphuric  acid  necessary  to  bring  about  germina- 
tion, and  has  detected  in  practically  all  such  cases  the  presence 
of  a  cuticle  of  variable  thickness.  Her  results  are  added  to  this 
paper  in  the  form  of  an  appendix. 

Only  in  very  few  cases  are  seeds  which  do  not  absorb  water 
except  after  filing  or  special  treatment,  not  provided  with  a 
cuticle.  One  exception  is  afforded  by  Adansonia  digitata,  in 
which  the  whole  integument  seems  to  be  permeable  to  water  with 
difficulty.  In  almost  all  other  cases  any  scratch  deep  enough  to 
penetrate  the  cuticle  allows  the  seed  to  absorb  water  and  swell, 
and  frequently  the  cuticle  then  frills  or  peels  off  as  a  transparent 
membrane.     Hard  seeds  soaked  in  water  for  a  dav  or  no  and  then 


1  Arb.  ausder  biol.  Abt.  f.  Land,  and  Font,  wimenschaft,  bd.  Hi.,  8.  30,  190*2,  Berlin. 

2  Inaug.  Ditt.  Halle,  1905. 

3  Annals  of  Botany,  vol.  xxi.,  Jan.,  1907. 
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placed  in  strong  sulphuric  acid  often  show  the  cuticle  as  a 
separate  layer  before  it  dissolves  away.  In  a  few  cases  the 
remaining  integument  may  still  delay  the  absorption  of  water, 
but  not  in  the  remarkable  way  that  the  cuticle  does.  In  the 
case  of  most  plants  producing  hard  seed,  a  certain  variable 
percentage  of  each  sample  will  usually  swell  in  water,  and  if 
the  seeds  are  not  perfectly  ripe  this  applies  to  all  of  them, 
the  cuticle  being  undeveloped  or  imperfectly  developed.  Such 
seeds  perish  rapidly  in  the  soil,  but  in  at  dry  herbarium  may  last 
for  many  years,  though  rarely  aa  long  as  the  perfectly  ripe 
cuticularized  ones,  which  swell  only  after  breaking  the  cuticle 
by  filing  or  destroying  it  by  sulphuric  acid.  The  importance  of 
properly  testing  old  hard  seeds  to  obtain  correct  germination 
values  is  well  shown  by  the  following  experiment.  One  hundred 
50-year-old  seeds  of  each  of  5  Leguminous  plants  were  placed  in 
moist  soil  for  6  months  in  a  warm  house,  and  kept  under 
optimal  conditions  for  germination.  None  germinated,  and  with 
the  usual  modes  of  testing  the  samples  would  have  been  con- 
sidered useless.  The  remaining  hard  undeoayed  seed  were, 
however,  taken  up,  the  coats  sand-papered,  and  the  seeds  placed 
in  germination  chambers,  with  the  following  results:  — 

Remaining       Number         JJ6J?!5^S 

ieed*       Germinating      ^StaSSJ 

Acacia  armata                  -                18  2  -  11 

„       leprosa        -         -  -         7  -         3  -         43 

Hardenbergia  monophylla  -       10  -         5  50 

lndigofera  cytisoides       -                34  -       34  100 

Watsonia  viridifolia         -  -         6  1  17 

The  Treatment  of  Hard  Seeds. — Since  this  is  a  matter  of 
considerable  practical  importance,  some  detailed  data  are  given 
of  the  experiments  made  upon  it  with  Acacia  seed. 

The  older  idea  that  the  impermeability  of  the  coats  was  due 
to  the  presence  of  mineral  matter  is  quite  incorrect,  as  is  also 
Jarzymowski's  suggestion  that  it  is  connected  with  the  small 
size  of  the  lumina  in  the  palisade  layer  of  the  integument.  As 
Miss  White  has  conclusively  shown  that  the  impermeability  is 
bound  up  with  the  presence  of  a  cuticular  layer  over  the  seed, 
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the  only  question  is  as  to  the  beet  mode  of  removing  that  layer.1 
Scratching,  filing,  and  such  methods  always  tend  to  damage  a 
certain  percentage  of  the  seed,  besides  being  tedious  even  with 
the  large  seeds.  The  removal  of  the  seed  coats  opens  the 
embryo  to  the  attacks  of  injurious  soil  organisms  and  causes  a 
pronounced  fall  in  the  percentage  of  seed  germinating 

Boiling  with  water  soon  injuriously  affects  the  seed,  although 
well  dried  Acacia  seed  is  remarkably  resistant  to  heat.  Thus 
sound  two-year  seed  of  Ac  art  a  longifolia,  A.  defnrren*,  and  A. 
myrti folia,  after  heating  to  98-100  deg.  C.  for  6  hours,  filing  and 
soaking,  gave  percentage  germinations  of  42,  35  and  31  respec- 
tively, the  unheated  seed  giving  germination  values  of  88,  46  and 
52  per  cent,  respectively.  After  2  days  at  95  to  102  deg.  C,  how- 
ever, none  of  the  seed  germinated.  In  warm  water  swelling  is 
very  slow.  Thus  a  sample  of  500  12-year-old  seed  of  Acacia 
dealbata  was  soaked  in  water  at  30-40  deg.  C.  for  10  days,  and 
then  at  40-50  deg.  C.  for  a  month,  the  swollen  seeds  being  picked 
out  every  few  days  and  placed  in  germination  chambers. 

Days. 

3 

6 

10 
13 
17 
21 
31 
33 
42 

The  642  remaining  seeds  swelled  at  once  after  filing,  and  gave 
a  percentage  germination  of  7.8  per  cent.  Hence  the  earlier 
seeds  to  swell  are  mostly  dead,  then  the  percentage  germination 
rises  and  finally  falls  again,  possibly  as  the  result   of  the  pro- 


No.  of  seeds 
swollen. 

Number 
germinating. 

j  of  swollen  seeds 
genu. 

43 

1 

2.3 

34 
59 

nil 
6 

:}    " 

85 

5 

5.9 

58 

5 

8.6 

50 

14 

28 

38 
29 

1 
2 

:l    " 

33 

3 

9 

1  In  some  cases  soaking  in.  warm  absolute  alcohol  makes  the  ooats  permeable  to  water, 
•specially  where  the  cuticle  is  thin,  probably  owing  to  the  removal  of  the  waxy  materials 
impregnating  the  cuticle.  Hot  water,  by  melting  the  wax  in  the  cuticle,  aids  in  making  the 
cuticle  permeable. 

2  Seven  seeds  had  disappeared. 
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longed  high  temperature,  although  unswollem  Acacia  seeds  can 
be  kept  a  week  or  more  under  water  at  60  to  65  deg.  C.  without 
entirely  losing  *  their  vitality.  Similar  results  were  obtained 
with  Acacia  myrti folia,  but  in  ail  cases  if  the  seeds  were  merely 
soaked  for  one  to  two  days  the  remaining  hard  seeds,  after  filing 
or  treatment  with  sulphuric  acid,  always  gave  a  higher  percent- 
age germination  than  those  which  had  swollen  in  water  pre- 
viously. 

Alkali  is  much  less  effective  than  sulphuric  acid  in  producing 
swelling  without  injuring  the  seeds.  Thus  of  old  seeds  of  Acacia 
dealbata  soaked  in  water  at  40  deg.  C.  for  2  days,  9  per  cent, 
swelled,  and  of  these  2.3  per  cent,  germinated.  After  soaking 
in  5  per  cent.  Na^  CO*  for  1  day  at  20  deg.  C,  and  then  1  day  at 
40  deg.  G.  to  50  deg.  C,  in  waiter,  45  per  cent,  swelled,  and  of 
these  5.2  per  cent,  germinated.  After  1  minute  in  boiling  10  per 
cent,  caustic  soda,  28  per  cent,  swelled  after  frequent  washing, 
and  3.4  per  cent,  of  these  germinated ;  while  after  2  minutes  in 
boiling  potash,  78  per  cent,  swelled  and  4.6  per  cent,  germ- 
inated. After  10  minutes  all  swelled,  but  none  germinated. 
Longer  treatment  with  cold  caustic  soda  also  produces  swelling, 
but  the  difficulty  of  causing  all  the  seeds  to  swell  without  injuring 
all  or  most  of  them  is  equally  great.  Ammonia  is  leas  effective 
than  caustic  soda  or  potash. 

The  10  per  cent,  caustic  soda  or  potash  is  useful,  however, 
for  seed  testing.  Thus,  if  an  old  sample  of  seed  of  Acacia 
dealbata  is  boiled  for  2  minutes  in  the  solution,  washed  well 
and  soaked  in  water  at  40-50  dejr.  C.  for  3  hours  or  so,  all  unfilled, 
perforated  or  broken,  seeds,  and  most  dead  seeds,  swell  up  par- 
tially or  entirely,  and  exude  a  dark  brown  dye.  All,  or  the 
great  majority  of  the  sound  seeds  are  still  hard  and  unswollen. 
The  test  is  not  perfect,  but  will  distinguish  a  good  from  a  bad 
sample  of  Acaciai  seed. 

The  sulphuric  acid  treatment  has  this  advantage,  that  the 
concentrated  acid  only  penetrates  slowly  even  after  the  cuticle 
has  been  dissolved  away,  and  with  careful  treatment  the  whole 
of  the  subjacent  layers  are  left  intact.  Further,  it  sterilizes  the 
seeds  and>  destroys  all  adherent  spores.  In  addition  germination 
is  usually  hastened  as  compared  with  seeds  which  ha/ve  swelled 
without  treatment.     The  chief  danger  lies  in  allowing  traces  of 
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acid  to  adhere  to  the  seed,  which  is  easily  avoided  by*  thorough 
washing,  followed  by  treatment  with  dilute  ammonia  or  lime 
water,  and  repeated  washing.  If  then  dried  the  seeds,  whether 
Acacia*  Clover,  Broom,  Gorse,  or  the  like,  are  ready  for  planting 
and  immediate  germination.  If  the  washing  and  drying  are 
rapidly  done  the  seeds  do  not  swell,  and  will  keep  fairly  well, 
whereas  seeds  softened  by  hot  water  must  be  planted  at  once. 
In  dilute  sulphuric  aoid  the  uncut icularized  seeds  soon  lose. the 
power  of  germination,  and  the  cut  icularized  ones  remain  unsoft- 
ened.     Hence  the  acid  must  only  be  applied  to  dry  seeds. 

The  length  of  treatment  with  acid  depends  upon  the  extent  to 
which  the  cuticle  is  developed,  and  as  this  varies  in  different 
samples  of  seed  from  the  same  plant,  sample  tests  should  be  made 
before  treatment,  and  the  acid  only  used  when  the  percentage  of 
hard  seeds  is  considerable.  General  data  for  different  seeds  are 
given  in  the  main  list,  but  a  few  detailed  datai  for  samples  of 
very  hard  seed  are  given  here,  the  usual  washing  and  soaking  in 
water  following  treatment  with  acid  :  — 


Acacia  dealbata. 

Cold  water  - 

-     8 : 

p.  c.  swelled  in  2  days. 

In  acid, 

5  minutes 

-     10 

»j         u 

it       » 

in  water. 

»» 

25       „ 

-     22 

>>         >> 

?•       >» 

■  i* 

u 

2  hours 

-     45 

n              i» 

ii       n 

** 

jj 

3      „ 

-     66 

»>              n 

»»       »i 

?i 

>* 

4      „ 

-     75 

11              n 

germinated. 

»»       >i 

„      70  p.  c. 

j» 

6      „ 

-      92 

p.c.  swelled  in 

2  days  in  water,  72  p.  c. 

germinated. 

After  6  hours  some  of  the  integuments  were  eaten  right 
through,  and  the  embryo  exposed  on  washing,  but  such  seeds 
may  still  be  capable  of  germination  in  a  germination  chamber, 
though  few  would  survive  in  the  soil. 

Similar  results  were  obtained  with  samples  of  old  very  hard 
seed  of  A.  longi folia  and  A.  dtcurrens.  For  the  smaller  seeded 
Acacias,  such  as  Acacia  montajia,  A.  leprosay  etc.,  1  to  3  hours, 
and  for  such  forms  as  A.  vernicifiua,  2  to  4  hours  in  sulphuric 
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acid  is  sufficient  at  15  to  20  deg.  C.  to  produce  an  optimal  action 
on  germination.  As  the  temperature  rises  the  action  of  the  acid 
is  more  rapid;  at  30  deg.  C.  it  is  about  twice  as  active  as  at 
20  deg.  C.  The  acid  must  be  concentrated.  Slight  dilution 
lessens  the  action  greatly,  and  renders  it  more  dangerous. 
During  the  longer  soaking  in  somewhat  diluted  acid,  the  seeds 
are  able  to  absorb  the  acid  as  the  coats  are  acted  on,  whereas 
the  strong  acid  keeps  them  dry  and  un swollen,  and  only  such 
surfaces  as  the  acid  actually  touches  are  corroded  and  destroyed. 

Biologic  Value  of  Hard  Seeds. — As  already  mentioned,  such 
seeds  distribute  themselves  in  time  rather  than  in  space,  of  each 
year's  crop  some  being  destined  to  remain  terminable  in  the  soil 
for  very  many  years  until  the  parent  plants  have  been  cleared  off 
by  fire  or  drought.  In  the  ease  of  Callistemon  rigida  and  similar 
plants  ther  seed  is  largely  retained  on  the  parent  plant  until  fire 
or  drought  causes  the  death  of  the  parent  plant  and  the  shedding 
of  the  seed,  which  may  only  take  place  when  some  at  least  of 
the  seeds  are  10  or  20  years  old.  In  Acacia,  Viminaria 
denudata,  Goodia  lotifolia  and  the  like,  the  seed  are  shed,  but 
lie  in  the  soil.  To  some  extent  these  macrobiotic  seeds  are 
adaptations  to  bush  fires,  which  were  probably  of  common 
occurrence  long  before  the  advent  of  civilised  or  even  uncivil- 
ised man,  and  must  have  been  far  more  frequent  than  at  present 
when  the  lava  was  flowing  from  the  volcanoes  of  Victoria. 

Such  bush  fires,  after  burning  off  the  humus  more  or  less,  not 
only  partly  expose  the  seeds,  but  leave  behind  an  alkaline  ash, 
which  the  next  rain  falling  on  the  warm  ground  aids  in  soften- 
ing the  coats  of  the  hard  seeds,  and  bringing  about  their 
germination.  When  the  ash  is  abundant  and  very  alkaline  the 
seedlings  may  be  killed,  but  some  will  always  survive.  In  addi- 
tion, slight  charring  of  the  surface  of  the  seed  makes  it  per- 
meable to  water  without  necessarily  destroying  the  vitality  of  the 
oontents.  The  Acacias  or  other  Leguminous  plants,  by  the  aid 
of  their  root^nodules,  can  grow  in  soil  from  which  all,  or  nearly 
all,  the  humus  has  been  burnt  away,  and  the  source  of  nitrates 
hence  removed.  They  steadily  enrich  the  soil  again,  and  pro- 
duce the  conditions  for  the  growth  of  large  forest  trees.  These, 
if  destroyed  by  a  devastating  bush  fire,  may  once  more  be  replaced 
by  the   humus   forming  Acacias,    etc.,   whose   seeds   have  lain 
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dormant  in  the  soil  during  part,  at  least,  of  the  growth  of  the 
forest. 

I  have,  in  fact,  found  Aoacia  seeds  deeply  buried  in  the  soil 
of  Goal  forests,  where  no  other  signs  of  their  presence  could  be 
aeen,  and  where  no  other  Acacias  were  present  within  at  least  a 
mile.  In  addition,  the  following  data  may  be  given  of  the  num- 
ber of  germinable  Acacia  seeds  per  2-inch  cube  of  soil  found  at 
various  depths  under  old  Acacias  growing  in  undisturbed 
primeval  bush. 


Depth. 

seeae  present 

in  eight  cub. 

inches. 

Number 
germinable 

P«r 

cent. 

Acacia  deal  bat  a  - 

3 

in. 

-       28      - 

26       - 

93 

6 

tt 

-       17       - 

13       - 

77 

9 

>t 

-       16       - 

10       - 

63 

12 

»> 

11 

9    '- 

82 

18 

>» 

3      - 

3       - 

100 

A.  stricta   - 

4 

»» 

1       - 

1 

100 

8 

♦» 

2 

2 

100 

12 

»» 

0       - 

0      - 

0 

A.  ieprosa  - 

6 

»» 

-       28       - 

24       - 

86 

12 

»! 

-       15       - 

14 

93 

A.  mclanoxylon  - 

4 

>» 

-       11       - 

10       - 

91 

8 

»» 

5       - 

4 

80 

12 

» 

2 

2       - 

100 

A.  longifolia 

6 

>» 

2 

2 

100 

var.  mucronata 

16 

>» 

0 

0      - 

0 

A.  verticillata     - 

4 

>» 

32 

26       - 

81 

8 

>» 

ft 

4       - 

80 

12 

»f 

4 

4 

100 

A  square  pole  of  such  soil  would  in  the  top  18  inches,  in  some 
cases,  contain  sufficient  germinable  seed  to  stock  several  square 
miles  of  territory,  so  that  the  amount  of  margin  allowed  for 
accident  is  very  great,  and  even  a  very  low  percentage  germina- 
tion would  suffice  to  re-cover  the  soil  with  the  original  vegetation 
after  the  severest  bush  fire.  The  percentage  germinations  are 
high,  because  as  soon  as  the  seed  becomes  permeable  in  the 
course  of  time  and  swells,  it  either  germinates  or  dies,  so  that 
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in  the  deeper  layers  the  only  seeds  found  are  likely  to  be  hard 
macrobiotic  ones.  In  fact,  all  the  seeds  found  in  the  soil  below 
the  surface  needed  treatment  with  sulphuric  acid  to  produce 
swelling  and  germination.  Once  they  are  swollen,  the  seeds  are 
incapable  of  remaining  long  living  in  a  latent  condition  without 
germinating,  And  this  applies  generally  to  the  seeds  of  Legu- 
minosae;  whether  circularized  or  not. 

Conditions  for  Germination. — In  addition  to  the  usual  state- 
ment that  water,  oxygen,  and  a  certain  temperature  are  needed, 
the  proviso  is  required  that  the  water  and  oxygen  must  be  able 
to  penetrate  the  seed  in  sufficient  quantity.  Even  when  a  seed 
has  absorbed  water  and  swollen,  it  may  remain  dormant  for  a 
long  time  without  dying  if  the  supply  of  oxygen  is  deficient  or 
the  temperature  low.  Nobbe1  and  others  have  shown  that  the 
moist  seeds  of  Cirsium  arvense,  Papaver  Rhoeas,  Cherry,  Oak, 
etc.,  may  remain  alive  without  germinating  for  a  year  or  more  in 
the  soil.  Fischer'2  states  that  the  same  iB  the  case  with  many 
water  plants  whose  seed  may  remain  germinable  under  water  for 
years,  though  fully  soaked.  He  finds  that  the  seeds  of  Sagittaria 
sagitti  folia,  S.  platyphylla,  Sparganium  ramosum,  S.  simplex, 
Alisma  Plantago,  Pntamogeton  natans,  lucens  and  pectinatus, 
Hippuris  vulgaris,  Polygonum  amphibium,  Scirpus  lacustris 
and  maritimus  germinate  little,  or  not  at  all,  in  pure  water,  but 
readily  if  the  water  is  allowed  to  foul  and  become  sour,  or  if  the 
seeds  are  acted  upon  by  dilute  acid  or  alkali  (H  and  HO  ions), 
especially  at  high  temperatures.  Thus  after  2  hours  in  0.3  mol. 
solution  of  acid  at  40  deg.  C,  75  per  cent,  germinated,  whereas 
after  2  hours  at  4-6  deg.  C.  only  3.4  per  cent,  germinated  at 
the  same  subsequent  temperature  (25-27  deg.  C).  Fischer  con- 
siders that  as  the  seed  coat  is  permeable  to  water,  salts  and  acid, 
the  action  must  be  a  stimulating  one  exercised  on  the  protoplasm 
of  the  seed  by  the  hydrogen  and  hydroxyl  ions.  If  so,  the 
action  might  be  suppressed  by  subsequent  treatment  with 
equivalent  alkali  after  the  acid.  This  is  not  the  case.  The 
treatment  very  possibly  increases  the  permeability  of  the  seed- 
coat  to  oxygen  or  water,  and  hence  provides  the  requisite 
stimulus  to  germination.     This   explanation  will  suffice  for  all 

1  Lai  id  w.,  Versuchsst,  xx.,  p.  76. 

2  Ber.  d.  D.  Bot  Ges.,  1907,  bd.  xxv.,  p.  108 
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Fischer's  results,  and  at  any  rate  seeds  of  Sagittaria  lightly  sand- 
papered,  and  then  kept  at  28  deg.  C.  to  30  deg.  C,  between  well- 
wetted  filter  paper,  germinate  readily.  Since  the  above  was 
written.  Crocker  (But.  Gaz.  1907,  p.  374)  has  shown  that  the 
difficulty  of  germinating  the  ripe  seeds  of  various  water  plants  is 
due  not  to  any  inherent  dormancv  of  the  protoplasm,  but  to  the 
coats  being  imperfectly  permeable,  the  seeds  germinating  readily 
when  the  coats  are  filed  or  broken.  Fischer's  treatment,  i.e., 
the  stimulation  of  H  and  HO  ions,  may  perhaps  enable  the  seed 
to  germinate  under  the  stimulus  of  a  lower  partial  pressure  of 
Oand  a  lower  temperature  than  otherwfse,  but  is  not  an  essential 
condition  for  germination,  which,  given  a  free  supply  r*f  oxygen 
and  a  sufficient  temperature  and  supply  of  moisture,  appears  to 
be  readily  induced  in  the  case  of  Sagittaria  at  least.  Correvon,1 
of  Genera,  states  that  chemical  stimuli,  such  as  soaking  in  0.25 
per  cent,  acetic  acid  or  2  per  cent,  phosphoric  acid  is  necessary 
for  the  germination  of  the  seeds  of  Juniperu*  Cedru*,  but  all 
such  actions  may  be  the  result  of  a  change  in  the  permeability 
of  the  coverings  of  the  seed. 

It  must  be  remembered  that  in  some  cases  at  least  seeds  per- 
meable to  water  are  covered  before  germination  by  continuous 
semipermeable  membranes,  and  such  membranes  may  prevent  the 
entry  of  the  requisite  amount  of  oxygen,  while  allowing  water  to 
enter.  Thus  A.  J.  Brown2  has  shown  that  the  inner  part  of  the 
intact  speniioderm  of  Hordeum,  Arena,  Triticum  and  Stcalt 
forms  a  semi-permeable  membrane  which  allow  s  water  and  iodine 
to  enter,  but  not  solutions  of  sulphuric  acid  up  to  36  per  cent. 
strength,  or  of  hydrochloric  acid  or  metallic  salts  up  to  5  per  cent. 
(1  per  cent,  nitric  acid  penetrated  slowly),  and  even  after  boiling 
the  seeds  or  treating  them  with  iodine,  the  sulphuric  acid  may 
•till  be  unable  to  penetrate.  Hence  the  semi -permeable  mem- 
brane is  in  this  case  a  non- vital  one.  and  it  appears  to  be  that 
part  of  the  spermoderm  which  is  derived  from  the  epidermis  of 
the  nucellus.  It  may,  in  fact,  be  something  of  the  nature  of  an 
internal  cuticle. 

In  the  case  of  the  paired  burrs  of  Xanthinm.  one  seed  usually 
germinates  in  the  first  year,  the  second  in  the  next  year,  or  snme- 

l  Gwd.  Chmn..  1«07. 

id  RoUiiv.  vol.  \xi..  1907,  p.  70 
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times  not  till  a  year  or  two  later.  Crocker1  considers  that  this 
is  due  to  the  greater  impermeability  of  the  seed  coat  of  the  later 
seed  to  oxygen.  It  is  thicker  than  that  of  the  earlier  seed,  and 
also  more  impermeable  to  water,  though  not  sufficiently  so  to 
prevent  its  becoming  fully  saturated  after  a  day's  soaking.  The 
double  effect  can  be  overcome  by  a  temperature  over  30  deg.  C, 
which  brings  about  partial  anaerobic  respiration,  and  by  favour- 
ing the  absorption  of  oxygen  hastens  germination.  The  minimum 
temperature  for  the  germination  of  the  naked  seeds  is  18  deg.  C. 

Crocker  has,  however,  overlooked  the  fact  that  both  the  early 
and  late  seeds  of  Xanthi&m  echinatum  will  germinate  at  20  to  25 
deg.  C.  if  the  temperature  is  maintained  for  14  to  21  or  more 
days,  instead  of  for  8  or  9  days.  Hence  the  temperature 
minimum  for  the  germination  of  the  later  seeds  is  not  as  high 
as  Crocker  states  (32-34  deg.  C).  Further,  if  the  burrs  are 
Seated  to  40  deg.  C.  for  ai  day,  or  to  50  deg.  C.  for  a  few  hours 
while  soaking,  a  variable  percentage  of  the  later  seeds  will 
germinate  within  10  days.  Hence  the  action  of  the  intact 
integument  is  merely  to  delay  and  not  to  prevent  the  germina- 
tion of  the  later  seed  at  or  near  the  minimum  temperature  for 
the  earlier  of  each  pair  of  seeds  in  the  burr. 

According  to  Crocker,  Xanthium  seed  kept  dry  for  1  year,  and 
still  more  if  kept  in  soil,  germinates  more  slowly  at  18-22  deg.  C. 
with  the  coats  removed  than  do  fresh  burrs.  This  certainly  does 
not  apply  generally,  since  in  very  many  old  seeds  there  is  no 
perceptible  delay  in  germination  if  the  seeds  are  soaked  and 
kept  at  the  right  temperature. 

Light. — That  in  practice  various  small  seeds  must  be  super- 
ficially sown  to  germinate  well,  and  that  this  is  directly  or  in- 
directly due  to  their  exposure  to  light  is  well  known ;  but 
whether  there  are  any  seeds  which,  whatever  the  other  conditions 
may  be,  will  not  germinate  unless  exposed  to  light,  is  uncertain. a 
Seeds  of  Viscum  album  apparently  only  germinate  when  exposed 
to  light  (Wiesner),  and  the  same  applies  to  the  seeds  of  Tobacco, 
according  to  Raciborski,  and  to  those  of  Poa  pratensis  and 
Apium  yraveolens  when   fresh,    according  to     Kinzel,*   whereas 

1  Bot.  Gazette,  1906,  p.  273. 

2  For  lit.  see  Pfeffer's  Physiol.,  En*.  Ed.,  vol.  ii.,  p.  82. 

3  Kinzel,  Ber.  d.  D.  Bot.  Ges.,  1907,  bd.  xxv.,  p.  209. 
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when  older  these  seeds  will  germinate  in  darkness.  On  the 
other  hand,  certain  seeds,  such  as  those  of  Nigella  sativay  N. 
damascena,  Allium  and  Asphodelus  were  found  by  Kinzel  to 
refused  to  germinate  when  exposed  to  strong  light,  and  appeared  to 
permanently  lose  their  vitality  if  the  exj>osure  was  prolonged. 
Further,  if  these  seeds  were  exposed  to  one  day's  gaslight  after 
heing  1  day  moist  in  darkness,  their  germination  was  stopped, 
and  could  only  be  reawakened  by  treatment  with  proteolytic 
enzymes  after  drying  and  re-moistening,  aided  by  aeration  and 
high  temperatures.  Kinzel  followed  Acton's  conclusion  that  the 
low  of  the  power  of  germination  was  due  to  the  destruction  of 
the  enzymes  contained  in  the  seed,  but  the  evidence  is  not  such 
as  to  warrant  this  conclusion,  and  the  observation  that  treatment 
with  enzymes  may  increase  the  percentage  germination  of  certain 
old  seeds1  may  be  the  result  of  error  or  of  an  action  on  the  seed 
coats.  Jodin,*  in  fact,  denied  that  light  affected  either  the 
vitality  or  the  germination  of  seeds,  whereas  Laurent3  concluded 
that  it  retarded  germination  and  injured  the  vitality  of  resting 
seeds. 

Delayed  Germination  and  After  Ripeniny. — According  to 
Wiesner,4  seeds  of  Viscum  are  ripe  in  autumn,  but  will  only 
germinate  the  following  spring.  There  is  no  visible  change  in 
the  seed,  but  Wiesner  supposes  that  durinjr  this  time  a  production 
of  ferment  takes  place  which  prepares  the  way  for  germination. 
Goebel*  mentions  that  certain  early  flowering  plants  have  seeds 
which  contain  immature  embryoes.  These  slowly  enlarge  and 
ripen  during  summer,  and  are  ready  to  germinate  or  to  complete 
germination  in  the  following  spring.  This  applies  to  the  seeds  of 
Branthis  hyemali*.  Ranunculus  Firaria%  Anemone  ('orydnh*. 
and  possibly  also  Stylidium,  Giujea  and  Erythronium.  These 
seeds  apparently  have  n»»  restinsr  period,  but  mature  slowly  up 
to  the  time  of  germination. 


1  Thompson.  Garten  flora  45. S44,  1**J:  Waugh.  Ann.  Kpt.  Vt.  A*r.  Kxp.  St.  l-OfJ-7:. 
8dencr,  iv.,  ».  6,  950,  1897  :  Sh*n*\  Mo-.  Hatrh.  Kxp.  St..  1901.  p.  74.  Se*  ±W>  AISo 
Arcfaiv.  8ci.  Phy.  et  nat.,  tt.  I**,  p.  45. 

2  ComuC  rend-,  t.  exxxv.,  p.  1229.  See  also  Tamine.  Land*.  Jahrb.,  1900,  bd.  xxi*., 
p.  467. 

3  Compt.  rend,  t  cxxxv.,  pp.  1091,  1293. 

4  BioL  de  Fflanxen,  1902.  p.  55. 

5  Organography,  it,  p.  249,  1905. 
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Nobbe  and  Hanlein1  found  that  a  large  number  of  seeds, 
although  soaked,  only  germinated  after  long  intervals  of  time  (3 
years  in  some  oases),  and  considers  that  this  is  due  to  some 
change  taking  place  slowly  in  the  embryo  during  rest.  The 
delay  was,  however,  merelv  due  to  the  low  temperature.  All  the 
seeds  in  the  list,  when  soaked,  provided  with  oxygen  and 
kept  at  25-30  deg.  C,  begin  to  germinate  in  1-30  days  after 
absorbing  water.  Further,  it  is  impossible  to  keep  any  of  these 
seeds  at  a  suitable  germination  temperature  (20-30  deg.  C.) 
without  their  decaying  long  before  3  years  have  elapsed.  Even 
if  they  are  frequently  washed,  which  does  not  appear  to  have 
been  done  by  the  authors,  in  nearly  all  cases  signs  of  decay  can  be 
seen  within  a  month  of  soaking  if  the  temperature  is  above 
20  deg.  C,  and  usually  before  this.  The  fact  that  Nobbe  and 
Hanlein  found  9  out  of  31  seeds  gave  germination  percentages 
of  nil  or  below  1  per  cent,  is  sufficient  to  show  that  they  did  not 
work  under  proper  conditions,  for  the  plaints  mentioned  are  freely 
seeding  ones,  and  two  of  them,  Verbascum  nigrum  andPlantago 
major,  gave  percentages  of  42  and  64  per  cent,  within  3  weeks 
on  germinating  soaked  seed  at  25-30  deg.  C. 

Nobbe  and  Hanlein  found  that  seeds  of  Chenopodium  album 
and  Chelidonium  majus  mostly  remained  in  the  soil  for  1  year, 
and  some  for  3  years  before  germinating.  Here,  again,  all  pro- 
perly soaked  seeds  kept  at  25-30  deg.  C.  and  freely  aerated, 
germinate  within  a  month,  and  by  that  time  all  the  dead  soaked 
seeds  are  distinctly  decayed. 

Various  observers  have  stated  that  seeds  of  Cucurbita  and 
Allium  germinate  more  readily  and  abundantly  after  keeping  a 
year  or  more,  or  warming  for  a  time,  than  when  fresh.  This 
certainly  does  not  apply  to  all  samples  of  seed,  and  hence  it  is 
not  easy  to  say  whether  we  are  dealing  with  a  manifestation 
of  after  ripening,  or  with  some  changes  in  the  character  of 
the  seed  coats.  In  some  of  the  seeds  examined  by  Duvel  the 
fresh  seed  gave  a  lower  percentage  germination  than  the  same 
seed  examined  a  year  later  ;  but  this  may  have  been  due  to 
imperfect  methods.  Such  results  as  those  for  Lactuca  Scariola, 
for  instance,  are  obviously  inaccurate,  and  in  many  cases  Duvel 

1  Landw.,  Versuchsst,  1877,  p.  03,  1880,  p.  46fi. 
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gives  widely  different  percentages  for  the  same  seeds  according 
to  whether  they  were  germinated  in  a  green-house  or  in  a  control 
chamber,  the  percentages  being  sometimes  much  higher  and 
sometimes  much  lower  in  the  latter  case  than  in  the  former. 
This  can  only  be  due  to  inaccurate  work,  and  the  same  explana- 
tion possibly  applies  to  the  fact  that  the  year-old  air-dried  seeds, 
and  in  some  cases  the  buried  ones,  gave  higher  percentages  than 
the  same  seeds  when  originally  tested.  Duvel  took  no  precau- 
tions to  meet  the  case  of  hard,  non-swelling  seeds,  and  in  some 
oases  at  least  the  seeds  in  question  were  ones  with  hard  or  more 
or  less  cutioularized  coats.  The  weathering,  softening,  or  abra- 
sion of  the  seed  coats  (or  fruit-walls)  by  rendering  them  more 
permeable  to  water  and  oxygen,  might  easily  cause  a  higher 
percentage  germination  of  the  older  seed.  This  is,  however,  not 
a  true  case  of  after-ripening,  which  is  strictly  a  vital  process 
taking  place  in  the  living  contents  of  the  seed.  In  other  cases 
where  seeds  are  supposed  only  to  germinate  after  being  dried, 
the  drying  appears  to  act  by  causing  cracks  to  appear  in  an 
otherwise  impermeable  integument.  Crocker  (I.e.)  has,  in  fact, 
shown  that  several  oases  of  delayed  germination  supposed  to  be 
due  to  after-ripening  are  really  due  to  the  impermeable  proper- 
ties of  the  seed  coats.  Thus  Ascyru  amaranth oides  has  di- 
morphio  seeds,  consisting  of  (a)  flattened  winged  forms  with  per- 
meable coats,  which  germinate  readily,  and  (b)  rounded  forms 
with  impermeable  coats,  which  germinate  only  after  considerable 
delay  unless  the  seed  coats  are  broken.  In  the  case  of  Abut  Hon 
Avireuniae  and  Cheno podium  album,  the  seed  coats  of  otherwise 
similar  seeds  are  unequally  permeable,  some  swell  at  once,  others 
only  after  prolpnged  soaking.  The  same  is  the  case  with  the 
seeds  of  the  Leguminosae  in  the  foregoing  lists.  The  "  hard '' 
seeds  are  usually  smaller  than  the  readily  swelling  ones,  but  this 
is  simply  because  they  are  drier ;  when  swollen  the  sizes  are 
approximately  the  same,  and  in  the  act  of  swelling  many  of  the 
"hard  :'  Acacia  seeds  often  increase  by  2  to  4  times  the  original 
bulk. 

In  the  case  of  Plant-ago  major,  P.  Ruegelii,  Thlaspi  arvense 
and  Avena  fatua,  the  delay  in  germination  is  also  due  to  the 
seed  coats,  and  oan  be  overcome  by  removing  or  breaking  them. 
When  they  are  intact  the  minimum  temperature  for  the  germina- 
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tion  of  the  first  3  seeds  is  above  22  deg.  C,  which  would  explain 
Nobbe  and  Hanlein's  results  with  these  seeds.  The  seeds  of 
Hawthorn  are  supposed  not  to  germinate  until  after  a  year  in  the 
soil.  Crocker  obtained  no  definite  confirmation  or  negation  of 
this  fact,  but  here  also  it  appears  to  be  a  case  of  the  slow  dis- 
integration of  the  seed  coats. 

The  Condition  of  Resting  Seeds. — The  old  idea  that  the  comr 
plete  suppression  of  every  form  of  vital  activity  necessarily  in- 
volved irrevocable  death,  led  to  the  assumption  that  in  resting 
seeds  respiration  continued,  though  at  a  very  low  ebb.  Jodin1 
showed,  however,  that  20  peas  containing  as  much  as  11  per  cent, 
of  water,  and  linseed  containing  12  per  cent.,  produced  a  mere 
trace  of  carbon  dioxide  in  four  years.  Kolkwitz'2  has  recently 
shown  in  the  case  of  Barley  how  rapidly  the  amount  produced 
decreases  as  the  percentage  of  moisture  decreases. 

Barley. — 


Weight  of  seed. 

Temperature. 

Percentage  of  water. 

uui  proaucea 
per  24  hours. 

1  Kilogram 

Summer 

>» 

-  19-20  p.  c.     - 

-  14-15     „ 

-  10-12     „ 

3.59  mg. 
1.4     „ 
.35  „ 

-       50  deg.  C.    -       10-12     „        -     15.0     „ 

Becquerel8  finds  that  air-dried  seeds  give  off  small  traces  of 
carbon  dioxide,  and  absorb  traces  of  oxygen.  Exposure  to  light 
increases  this  action,  and  the  gaseous  exchanges  from  the  integu- 
ments of  Ricinus  are  greater  than  from  the  seed  from  which 
they  have  been  removed.  Obviously  here  we  are  dealing  with 
extraneous  chemical  oxidations  not  connected  with  vitality.  In 
fact,  the  drier  the  seed  the  less  the  "respiration,"  and  in  seeds 
capable  of  withstanding  extreme  desiccation  the  absence  of 
moisture  entirely  prevents  all  gaseous  exchanges.  A  priori  this 
must  be  the  case  in  all  dry  seedR  covered  with  a  continuous  im- 
permeable cuticular  layer.  Thus  no  perceptible  evolution  of 
carbon  dioxide  could  be  detected  from  clean  dry  samples  of 
Acacia  seed   containing   less  than    5    to    8    per    cent,    of   water 

1  Compt.  rend.  d.  lAead.  des  Sciences,  t.  122,  p.  1349,  1896. 

2  Ber.  d.  D   Bot.  Ges.,  1901,  vol.  xix.,  p.  286. 

3  Comptes  rendus,  t.  cxliii.,  1906,  p.  974. 
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(A.  dealbata,  longifolia).  Such  seeds  when  preserved  in  a  dry 
atmosphere  seem  to  steadily  lose  water  until  ultimately  as  dry 
as  if  kept  in  a  desiccator.  It  is  as  though  the  cuticle  allowed 
traces  of  water  to  escape  externally,  but  none  to  enter.  Thus 
fresh  air-dried  Acacia  seed  contained  5  to  14  per  cent,  of  mois- 
ture, whereas  10  to  20-year-old  seed  of  A.  my rti folia,  A.  longi- 
folia. A.  armata  and  A.  dealbata  contained  only  from  0.9  to  3.2 
per  cent.,  and  50-year-old  seed  of  A.  myrti folia  and  A.  longi- 
folia, after  heating  to  100  deg.  C.  for  half  an  hour  to  drive  off 
adherent  moisture,  lost  no  further  weight  after  3  days  at  100 
deg.  C,  and  only  0.7  per  cent,  after  1  day  at  110  deg.  C.  Fine 
capillary  glass  tubes  show  a  greater  loss  of  weight  than  this, 
owing  to  the  adherence  of  condensed  moisture,  more  especially 
to  their  internal  surfaces.  Hence  old  dry  cuticularized  macro- 
biotic seeds  become  drier  than  corresponding  inorganic  material. 
However  dry  the  seeds  may  be,  they  cannot  indefinitely  prolong 
their  vitality.  Even  the  most  resistant  seeds  after  50  to  100 
years  show  a  pronounced  decrease  in  the  percentage  germination, 
and  the  general  trend  of  the  curve*  is  such  as  to  show  that  the 
probable  extreme  duration  of  vitality  for  anv  known  seed  may 
be  set  between  150  and  250  years  (Leguminosae).  Probably  the 
maximal  duration  for  Malvaceae  and  Nympheaceae  lies  between 
50  and  150  years,  while  for  Myrtaeeae  and  the  orders  containing 
only  one  or  two  macrobiotic  seeds  it  is  doubtful  whether  the 
limit  appreciably  exceeds  50  years.  Even  when  perfectly  inert 
a  macrobiotic  seed  is  subject  to  slow  and  gradual  molecular 
changes  and  rearrangements,  such  as  take  place  in  glass  or  wood 
in  the  progress  of  centuries,  and  these  changes  cannot  take  place 
in  the  contents  of  the  seed  without  destroying  the  molecular 
arrangements  and  groupings  requisite  for  the  restoration  of  life 
Once  this  has  taken  place  no  ferment,  no  physical  or  chemical 
condition  can  bring  alxmt  germination. 

General  Summary  of  Tabulated  Results.-  For  purposes  of 
convenience  we  may  divide  seeds  into  3  biological  classes,  accord- 
ing to  their  duration  of  life  under  optimal  conditions.  These 
are  short  lived  or  microhiotic  seeds  whose  duration  does  not 
exceed  3  years,  mbsobiotic  seeds  which  may  last  3  to  15  years, 
and  macrobiotic  seeds  which  may  last  from  15  to  over  100  years. 
The  first  two  are  the  more  numerous  groups,  and  the  boundary 
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between  them  is  somewhat  ill-defined.  Occasionally  seeds  suoh 
as  wheat  or  barley,  which  are  really  mesobiotic,  may  come  close 
to,  or  even  under  special  conditions  pass  the  limit  of,  15  years, 
but  since  they  are  usually  dead  by  this  time  they  come  properly 
under  the  head  of  mesobiotic  seeds.  The  macrobiotic  seeds* 
are  less  numerous,  are  characterised  by  cuticularised  or  more  or1 
less  impermeable  seed  coats,  and  are  restricted  to  a  few  natural 
orders,  of  which  the  Leguminosae  greatly  surpass  all  others 
while  Malvaceae  and  Myrtaceae  come  next  in  importance.  Here 
again  a  few  seeds  come  into  this  class  which,  under  natural 
conditions,  do  not  belong  to  it,  since  only  seeds  which  have 
impernieable  coats  can  survive  for  long  periods  of  time  in  the 
soil. 


MACROBIOTIC   SEEDS. 


Leguminosae. 


Acacia  acinacea 
alata 
aneura 
armata 
bossiaeoides 
brachybotrya 
calamifolia 
cornigera 
dealbata 
decurrens 
diffusa 
Doratoxylon 
elata 

farnesiana 
glaucescens 
lanata 
lanigera 
leprosa 
longifolia 
melanoxylon 
montana 


my  rti  folia 

neriifolia 

nervosa 

penninervis 

pentadenia 

saligna 

Simsii 

suaveolens 

verniciflua 
Albizzia  lophantha 
Alhagi  camelorum 
Astragalus  Antiselli 

brachyceras 

glycyphylloides 
Bossiaea  heterophylla 
Caesalpinia  Bond  u  eel  la 
Canavalia  ensiformis 

obtusifolius 
Cassia  austral  is 

bicapsularis 

Brewsterii 
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laevigata 

pleurocarpa 

Sophera 
Cicer  arietinum 
Coronilla  Mitchelli 

laburnifolia 

ramosissima 

vitellina 
Cytisus  albus 

austriacus 

biflorus 

candicans 

triflorus 
Daviesia  cordata 

corymbosa 

crenulata 
De8manthus  brachylobus 
Dillwynia    ericifolia 

floribunda 
(!)  Dioclea  parviflora 
Dolichos  funarius 
Erythrina  indica 

Vespertilio 
Eutaxia  orientalis 
Oalega  orientalis 
Genista  angHca 

Spachiana 
Gompholobium  latifolium 

minus 
Goodia  lotifolia 
Harden  be  rgi  a  monophylla 
Hovea  heterophylla 

linearis 

longifolia 
Indigofera  austral  is 

cytisoides 

signata 
Jackson ia  spinosa 

thesioides 


Kennedya  monophylla 

prostrata 

rubicund  a 
Lens  esculenta 
Leucaena  leucocephala 

pulverulenta 
Lotus  corniculatus 

tetragonolobus 
Medicago  denticulata 

lupulina 

sativa 

scutellata 

truncatula 
Melilotus  alba 

Bon  plan  di 

gracilis 

messaniensis 

officinalis 

parviflora 
Mimosa  asperata 

distachya 

glomerata 

pudica 
Mirbelia  oxyloboides 

reticulata 
Oxylobium  Callistachys 

cuneatum 

ellipticum 

lineare 

parviflorum 

triloba  turn 
Phaseolus  Mungo 

pilosus 
Phylacium  bracteosum 
Pithecolobium  pruinosum 
Podalyria  calyptrata 

sericea 
Psoralea  pinnata 
Pultenaea  baeckeoides 
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daphnoides 

retusa 

8tipularis 

villosa 
Rhynchosia  minima 
Swainsoiia  galegifolia 
Trifolium  agrarium 

arvense 

elegans 


Abutilon  Avicennae 

(?)  indicum 

(?)  Mitchelli 

oxycarpum 
Gossypium  Sturtii 
Hibiscus  heterophyllus 

panduraeformis 

Trionum 


Callistemon  lanceolatus 

rigidus 
Eucalyptus  calophylla 

cornuta 

di  versicolor 

globulus 

goniocalyx 


Nelumbium  lute  urn 
speciosum 

Nepeta  botryoides 
Stachys  nepetifolia 


Iris  sp. 


filiforme 

glom  era  turn 

pratense 

strictunt 

subterra  neum 
Vicia  grandiflora 
Vigna  glabra 
Viminaria  denudata 

Malvaceae. 

Kitaibelia  vitifolia 
Lavatera  arborea 

cretica 

plebeia 
Malva  rotundifolia 
Malvastrum  vitifolium 
Modiola  multifida 

Myrtaceae. 

Eucalyptus  leptopoda 

miniata 

obcordata 

punctata 

rostrata 

tereticornis 
Leptospermum  scoparium 

Nympheaceae. 

Nyniphaea  gigantea 

Labiatae. 

Nepeta  Cataria 

Ikideak. 

Watsonia  Meriana 
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EuPIIORBIACEAE. 

Euphorbia  Peplus 

Geraniaceae. 
I  in  pat  ie  us  Balsamina. 

GOODENIACEAE. 

Scaevola  Hookeri. 


POLYGONACEAE. 

Emex  spinosa 

StekculiaCeae. 
Hermannia  angularis. 

TlLIACEAK. 

Entelia  arborescens 


APPENDIX. 

The    Occurrence   of   an    Impermeable   Cuticle  on  the 
Exterior    of    Certain    Seeds. 

By    JEAN     WHITE,     M.Sc. 

(Government  Research  Scholar). 

Whenever  possible,  Professor  Ewart  passed  on  to  me  specimens 
of  those  seeds  which  he  found  needed  special  treatment  before 
they  were  capable  of  imbibing  water,  and  consequently  swelling. 
For  the  investigation  of  the  cause  of  this  impermeability  a 
method  was  adopted  which  was  somewhat  similar  to  that  em- 
ployed by  Bergtheil  and  Day  in  their  researches  on  the 
hardness  of  the  seeds  of  Indigofera  arrerta.1  The  great 
majority  of  the  seeds  which  exhibited  this  resistance  were  from 
plants  belonging  to  the  family  Leguminosae.  In  several  of  the 
Malvaceae,  the  same  phenomenon  was  observed,  and  also  in  a 
somewhat  doubtful  case  of  a  species  of  Che  no  podium. 

Method  of  E  r  peri  meriting. — The  seeds  were  soaked  in  water 
for  a  time,  varying  from  one  to  seven  days. 

In  the  majority  of  cases  none  of  the  seeds  swelled,  though 
commonly  a  small  proportion  did  so,  and  in  a  very  few  instances, 
practicallv  all  swelled,  so  that  it  was  quite  difficult  to  obtain 
unswelled    specimens    for    investigation.     The    unswelled    seeds 

1  AnnaN  of  Botany,  vol.  xxi  ,  Jan.,  1907. 
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were  removed  from  the  water,  and  hand  sections  were  cut  of  the 
seed-coat.  These  sections  were  stained  on  the  slide  with  chlor- 
zino-Iodine,  and  the  stain,  after  remaining  for  one  to  two 
minutes,  was  washed  off  with  glycerine  water.  Examination  of 
the  sections  showed  that  in  every  instance,  almost  without  excep- 
tion, a  structureless  cuticle  was  observable  on  the  exterior  of  the 
seed  coat.  The  cuticle  was  clear  and  well  defined,  becoming 
stained  bright  yellow,  while  the  cell-walls  of  the  subjacent  pali- 
sade tissue  assumed  the  characteristic  violet  or  bluish  tint  of 
cellulose.  The  internal  contents  of  these  cells  were,  like  the 
cuticle,  stained  yellow.  In  nearly  all  cases  sections  were  also 
prepared  from  the  swelled  specimens,  disclosing  the  fact  that  in 
some  no  cuticle  at  all  was  developed,  presumably  due  to  the 
immature  condition  of  the  seeds  ;  whilst  in  others  the  cuticle 
appeared  to  be  well  developed,  indicating  that  the  seed  had  been 
injured  and  the  cuticle  broken  at  some  point  or  points,  rendering 
it  permeable  at  that  point  or  points. 

In  every  instance  the  cuticle  was  easily  distinguishable  when 
stained  with  chlor-zinc-iodine,  but  Bergtheil  and  Day  were  unable 
to  discern  the  cuticle  in  the  seeds  of  Indigofera  arrecta  when 
using  this  reagent,  and  in  order  to  render  the  cuticle  visible  they 
employed  a  solution  of  Iodine  in  Phosphoric  acid.  Following  on 
their  method,  I  made  up  some  of  this  stain,  but  though  the 
results  were  always  satisfactory,  in  no  instance  was  the  differen- 
tiation so  complete  as  when  chlor-zinc-iodine  was  used.  This 
suggested  the  possibility  that  the  chlor-zinc-iodine  solution  used 
by  Bergtheil  and  Day  might  not  be  of  the  correct  consistence, 
and  I  obtained  seeds  of  Indigofera  arrecta  in  order  to  test  them 
with  my  solution.  I  found  that  I  obtained  the  same  results  as 
when  the  other  seeds  were  used,  so  that  it  was  evident  that  the 
ohlor-zinc-Iodine  solution  used  by  Bergtheil  and  Day  was  at  fault. 
A  distinct  cuticle  was  present  in  the  Indigofera  arrecta,  whilst 
there  was  no  trace  of  a  cuticle  structure  in  the  sections  of 
Indigofera  Sumatra na,  treated  with  chlor-zinc-iodine  solution. 

In  some  of  the  seeds  examined,  notably  those  of  Labichea 
lanrenlata,  the  whole  of  the  structureless  cuticle  did  not  appear 
to  be  specially  resistent,  bat  there  was  a  narrow  edge  on  the  free 
side  of  the  cuticle  which  stained  a  deeper  yellow,  and  which  on 
treatment  with  strong    sulphuric    acid,    disintegrated    into   seg- 
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mentai  It  appeared  to  be  in  this  edge  that  the  extreme  im- 
permeability of  the  seed  coat  was  located. 

The  variations  in  the  resisting  powers  of  the  different  seeds 
are  very  curious,  and  as  will  be  noticed  in  the  accompanying 
tables,  the  thickness  of  the  cuticle  does  not  seem  to  be  solely 
responsible  in  determining  the  powers  of  resistance  to  swelling. 
Naturally  the  quality  and  degree  of  impregnation  of  the  cuticle 
is  as  important  as  its  thickness.  As  an  example  of  this  a  few 
cases  of  different  species  of  Acacia  may  be  cited. 

Thus  the  thickness  of  the  cuticular  layer  of  Acacia  diffuxa,  as 
measured  by  the  eyepiece  micrometer  was  .042  mm.,  whilst  that 
of  Acacia  glaucescens  was  .022  mm.  In  the  former  case  soaking 
for  0.5  hours  in  acid  was  sufficient  to  produce  swelling  of 
the  seeds  when  put  into  waiter ;  but  in  the  latter  case  none  of  the 
seeds  swelled  in  water  unless  they  had  been  previously  soaked  in 
sulphuric  acid  for  1.5  hours. 

As  a  general  rule  in  small  and  medium-sized  seeds,  the  cuticle 
is  well  developed,  and  represents  the  impermeable  part  of  the 
seed  coat,  while  in  the  case  of  large  seeds,  such  as  those  of 
Adansonia  (rrcf/orii,  Mucuna  giaantea,  Wistaria  Maiden- 
iana  and  Guilandina  Bnnducella,  the  cuticle  is  relatively  unim- 
portant and  inconspicuous.  In  these  seeds  the  extreme  resist- 
ance which  they  exhibit  appears  to  bo  located  in  the  palisade 
cells.  The  above  conclusions  were  arrived  at  as  a  result  of 
further  experiments  which  were  carried  out  with  the  seeds. 

The  unswelled  seeds,  after  several  days'  soaking  in  water,  were 
placed  in  strong  sulphuric  acid  and  left  there  for  about  15 
minutes.  They  were  removed,  and  again  placed  in  water,  in 
which  they  remained  for  a  day.  Immersion  for  15  minutes  in 
nearly  every  case  proved  to  be  insufficient  to  render  them  per- 
meable, and  consequently  they  were  replaced  in  the  sulphuric 
acid  for  10  or  15  minutes  again.  Half  an  hour's  immersion  in 
the  acid  was  found  to  be  adequate  for  most  of  the  seeds,  there 
l>eing  a  small  minority  which  required  further  soaking  in  acid 
for  15  to  60  minutes  longer.  The  minimum  times  required  for 
the  different  varieties  of  seeds  to  be  soaked  in  acid  before  they 
are  capable  of  imbibing  water  are  stated  in  the  accompanying 
tables.  Directly  a  seed  was  seen  to  have  swelled  in  water,  a 
section   of  the  seed  coat  was  cut,  with  the  result  that  in  the 
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majority  of  smaller  seeds  the  palisade  layer  was  observed  to  be 
quite  intact,  whilst  the  cuticle  had  been  in  some  cases  wholly, 
but  in  the  greater  number  of  cases  partially,  dissolved  away  by 
the  acid. 

But  it  was  different  with  the  larger  seeds ;  for  sections  of  the 
seed  coat  cut  after  swelling  showed  that  the  palisade  tissue  was 
eaten  away  by  the  acid,  and  ordinarily  it  was  practically  all  (rone. 

Before  and  during  swelling,  almost  without  exception,  a  mem- 
brane peeled  off  the  seeds,  which  in  the  smaller  seeds  appeared 
to  be  the  cuticular  layer  only,  and  in  the  larger  consisted  of  the 
palisade  cells  and  the  very  inconspicuous  cuticle. 

The  most  resist ent  seed  of  all  those  which  I  tried  was  that  of 
Adansonia  Grtgorii.  Professor  Ewart  found  that  his  specimens 
swelled  after  6  hours  soaking  in  sulphuric  acid,  but  in  the  case  of 
a  different  sample  with  which  I  experimented,  immersion  in  acid 
for  that  period  of  time  produced  no  perceptible  effect  whatever. 

The  actual  results  of  my  experiments  have  been  put  down  in  a 
tabular  form,  and  the  accompanying  figures  represent  sketches  of 
the  sections  of  the  seed  coats  of  one  species  of  each  genius  of 
most  of  the  seeds  used. 


Name  of  Seed. 

"Minimum  Time  in 
sulphuric  acid  to 
produce  swelling. 

Thickness  of 
cuticle. 

Abutilon  oxycarpum    - 

-       .5 

hours     - 

.030  mm. 

Acacia  brachybotrya  - 

-       .42 

*> 

.019     „ 

Acacia  calamifolia 

-     1 

»« 

.060     „ 

Acacia  diffusa     - 

.5 

»> 

.042     „ 

Acacia   glaucescens 

-     1.5 

,, 

.022     „ 

Acacia  iteaphylla 

.5 

>• 

.005     „ 

Acacia  leprosa     - 

-       .5 

„ 

.015     „ 

Acacia  longifolia 

-     1 

,, 

.030     „ 

Acacia  montana  - 

-       .42 

>> 

.015     „ 

Acacia  myrtifolia 

-     1 

>» 

.019     „ 

Acacia  penninervis 

-       .75 

>> 

.030     „ 

Acacia  retinodes 

-     1 

» 

.018     „ 

Acacia  verniciflua 

-       .42 

>i 

.016     „ 

*  In  practically  all  cases  the  time  of  immersion  can  be  doubled  or  more  than  trebled 
without  appreciable  injury  to  the  seed,  the  subsequent  swelling  in  water  being  naturally 
more  rapid. 
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Adausonia  Gregorii     - 

6?   hours 

-     .012  mi 

Albizzia  lophantha 

.5 

»» 

-     .011     „ 

Albizzia  pruinosa 

1 

>» 

-     .011     „ 

Albizzia  Sam  an    ... 

.5 

»» 

-     .026     „ 

Alhagi  camelorum 

.5 

>> 

-     .002     „ 

Barklya  syringifolia    - 

.4 

>> 

-     .011     „ 

Boss  ice  a  heterophylla  - 

.5 

tt 

-     .012     „ 

Bossisea  Stephensoni  - 

.5 

>» 

-    .011     „ 

Canavallia  obtusifolia  - 

.42 

it 

-     .003     „ 

Cassia  australis  - 

.25 

»» 

-     .041     „ 

Cassia   Brewsterii 

.25 

it 

-     .042     „ 

Cassia  eremophila 

.25 

ft 

-     012     „ 

Cassia  laevigata  - 

.25 

tt 

-     .008     „ 

Cassia  suffruticosa 

.25 

It 

-     .009     „ 

Ceratonia   siliqua 

.25 

tt 

-     .009     „ 

Chenopodium  album    - 

1 

tt 

-     .012     „ 

Crotalaria   Mitchellii  - 

.5 

,, 

-     .018     „ 

Cytisus  albus 

.5 

tt 

-     .004     „ 

Cyti8us  triflorus 

.5 

it 

-     .005     „ 

Daviesia  parviflora 

1.5 

tt 

-     .002     „ 

Dillwynia  ericifolia 

1.5 

It 

-     .003     „ 

Dillwynia  floribunda    - 

1.5 

tt 

-     .003     „ 

Dolichos  sinensis 

.42 

it 

-     .002     „ 

Erythrina  Vespertilio  - 

.75 

tt 

-     .002     „ 

Gompholobium  latifolium    - 

.20 

tt 

-     .013     „ 

Goodia  lotifolia  - 

1.42 

it 

-     022     „ 

Guilandina    Bonducella 

1 

tt 

? 

Hibiscus  heterophylla 

1 

tt 

-    .008     „ 

Hibiscus  Lampas 

1 

,, 

-     .026     „ 

Hibiscus  tiliaceus 

.42 

tt 

-     .019     „ 

Hibiscus  Trionuin 

.5 

iy 

-     .023     „ 

Hovea  heterophylla     - 

.42 

»> 

-     .020     „ 

Hovea  longifolia 

.5 

»> 

-     .023     „ 

Indigofera   arrecta 

.5 

tt 

-     .008     „ 

Kennedya  monophylla 

1.5 

>» 

-     .002     „ 

Kenncdya  prostrata    - 

1.5 

>> 

-     .013     „ 

Kydia  (Bastardia)  Caracas    - 

.5 

»» 

-     .005     „ 

Labichea  lanceolata     - 

.42 

It 

-     .044     „ 

Lablab  purpureus 

.5 

tt 

-     .030     „ 
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Lathyrus  muritimus  - 

.42  hours    - 

.002  mm 

Lavatera  plebeia 

-     1.5 

»» 

.026     „ 

Maba  seriocarpa 

-       .40 

»> 

.006     „ 

Malva  rotundifolia 

-       .5 

>> 

.004     „ 

Medicago  denticiilata  - 

-       .42 

>> 

.005     „ 

Medicaga  sativa 

-       .4 

>» 

.006     „ 

Mirbolia  oxyloboidee   - 

-       .5 

»> 

.013     „ 

Muouna  gigantea 

-    8? 

>!» 

?       „ 

Oxylobium  trilobatum 

-       .42 

»» 

.015     „ 

Pultenaea   daphnoides 

-     1 

>> 

.006     „ 

Pultenaea  retusa 

-     1 

>> 

.009     „ 

Pultenaea  stipularis   - 

-     1 

»> 

.004     „ 

Swainsona  galegifolia 

-     1 

» 

.003     „ 

Trifolium  glomeratum 

-       .25 

>» 

.009     „ 

Wistaria  Maideniana  - 

-     6? 

>> 

*       » 

EXPLANATION  OF  PLATES. 

All  are  vertical  sections  through  the  epidermis  and  subjacent 
layer. 

The  cuticle  is  drawn  roughly  to  scale,  and  is  depicted  as  a  deep 
black  line  forming  the  upper  border  in  each  drawing 

1. — Abutilon  oxycarpum,  F.  v.  M. 

2. — Acacia  myrtifolia,  Willd. 

3. — Adansonia  Gregorii,  F.  v.  M. 

4. — Albizzia  Saman,  Benth. 

5. — Alhagi  camelorum,  Fisoh. 

6. — Barklya  syringifolia,  F.  v.  M. 

7. — Bossisea  Stephensoni,  F.  v.  M. 

8. — Caesalpinea  Bonduoella,  Fleming. 

9. — Canavallia  obtusifolia,  D.  C. 
10. — Cassia  Brewsterii,  F.  v.  M. 
11. — O<ratonia,  sp. 
12. — Chenopodium  album,  L. 
13.— Crotalaria  Mitchellii,    Benth. 
14. — Cytisus  albus,  Link. 
15. — Daviesia  parvifolia,  F.  v.  M. 
16. — Dillwynia  floribunda,  S.  M. 
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17. — Dolichos  sinensis,  L. 

18. — Erythrina  Veapertilio,  Benth. 

19. — Gompholobium  latifolium,  S.  M. 

20. — Goodia  lotifolia,  Saliab. 

21. — Hibiscus  tiliaoeus,  L. 

22. — Hovea  heterophylla,  A.  Cunn. 

22  (a). — Indigofera  arrecta  (Benth J). 

23. — Kennedya  prostrata,  R.  Br. 

24. — Kydia  Caracas,  Roxb. 

25. — Labichea  lanceolata,  Benth. 

26. — Lablab  purpurescens. 

27. — Lathyrus  maritimus,  Bigel. 

28. — Lavatera  plebeia,  Sems. 

29. — Maba  seriocarpa,  F.  v.  M. 

30. — Malva  rotundifolia,  L. 

31. — Medicago  sativa,  Linn. 

32.—  Mirbelia  oxyloboides,  F.  v.  M. 

33. — Mucuna  gigantea,  D.  C. 

34. — Oxylobium  trilobatum,  F.  v.  M. 

35. — Pultenaea  stipularis,  Sm. 

36. — Swainsona  galegifolia,  R.  Br. 

37.— Trifolium  gloineratum,  L. 

38. — Wistaria  Maiden i ana,  Bailey. 

In  concluding  this  section  of  the  paper,  I  wish  to  express  my 
thanks  to  Mr.  R.  T.  Baker,  Technological  Museum,  Sydney ;  Mr. 
W.  Guilfoyle,  Botanic  Gardens,  Melbourne  ;  Mr.  J.  H.  Maiden, 
Botanic  Gardens,  Sydney;  and  Mr.  H.  C.  Sampson,  Trichinopoly, 
for  kindly  supplying  many  seeds,  of  which  the  original  samples 
had  been  wholly  used  for  ^Termination  tests. 


Post  Script.  The  detailed  account  of  Becquerel's.  work  was  not 
received  until  April,  1908,  when  the  present  paper  was  in  the 
press.  Hence  it  has  only  been  possible  to  include  the  23  positive 
records  given  by  Becquerel  and  a  few  of  the  negative  ones.  The 
fact  that  Becquerel  examined  only  10  seeds  of  each  kind  made  it 
possible  for  him  to  overlook  any  percentages  below  10  per  cent 
The  minute  traces  of  CO^  Becquerel  found  to  be  given  off  bj  0> 

is 
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air-dried  germinable  seeds  are  probably  the  result  of  surface 
oxidation  in  the  integument,  and  hence  arises  the  fact  that  ex- 
posure to  light  increased  these  gaseous  exchanges  instead  of 
slightly  decreasing  them,  as  in  true  respiration.  In  addition  no 
precautions  appear  to  have  been  taken  to  ensure  the  absence  of 
adhering  micro-organisms. 

Becquerel's  conclusions  that  the  impermeability  of  the  coats  (if 
macrobiotio  seeds  is  the  gradual  result  of  their  ageing,  and  that 
only  seeds  with  impermeable  coats  can  last  for  any  length  of  time 
have  already  been  shown  to  be  incorrect.  The  impermeability  is 
due  to  the  presence  of  a  cuticle  developed,  during  ripening,  and 
the  presence  or  absence  of  the  latter  determines  whether  a  seed 
will  or  will  not  have  a  long  life  in  the  soil,  but  not  whether  it 
will  have  a  long  life  when  preserved  in  dry  air.  Macrobiosis  is 
the  result  of  a  biological  adaptation  of  the  protoplasm,  in  which 
an  impermeable  cuticle  plays  a  merely  accessory  or  aiding  part. 

In  regard  to  the  impermeability  of  the  integuments  of  seeds  to 
absolute  alcohol,  Becquerel  has  overlooked  the  fact  that  the  first 
observation  (on  Cress  seeds)  is  due  to  de  Bary,  and  that  this 
question  was  investigated  by  me  with  some  completeness  in  the 
Trans.  Liverpool  Biol.  Soc.  1894,  pp.  207-247,  in  which  paper 
an  explanation  is  given  of  the  fact  that  diluted  alcohol  is  more 
fatal  to  dry  seeds  than  absolute  alcohol. 

Hiltner  and  Kinzel  (Zentrbl.  Agr.  Chem.  36,  1907,  pp.  381-4) 
find  that  the  hardness  of  the  setds  of  Clover  and  other  Legu- 
minosao  increases  when  they  are  subjected  to  moderate  dry  heat, 
and  hence  they  conclude  that  the  conditions  during  ripening  de- 
termine the  percentage  of  hard  seed.  It  is  only  to  be  expected 
that  when  the  "  hardness  "  is  due*  to  the  presence  of  a  cuticle, 
xerophilous  conditions  should  exercise  the  same  influence  on  the 
development  of  cuticle  on  ripening  seeds  as  on  leaves  and  other 
parts,  but  the  partial  hardening  of  ripe  seeds  when  subjected  to 
dry  heat  is  probably  of  dissimilar  origin. 

In  conclusion,  I  have  to  thank  Messrs.  Tovey  and  Audas,  of 
the  National  Herbarium,  for  their  zealous  co-o peration  in  the 
search  for  material,  in  verifying  the  names,  and  in  the  correction 
of  proofs.  The  tedious  process  of  seed  counting  was  largely 
carried  out  by  Messrs.  O'Brien  and  Cronin,  of  the  Botanical 
Department  of  the  University. 
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Art.    II. — The  Silurian  Rocks   of   the    Whittlesea 
District 

By    J.     T.     JUTSON. 

With   an   Appkndix   on   the   Fossils   Collected, 
by   F.    Chapman,    A.L.S.,    Etc. 

(With  Plates  III.,  IV.). 

[Read  12th  March,  1908.] 

Introduction. 

The  areui  dealt  with  in  this  paper  is  the  whole  of  that  com- 
prised in  the  Geological  Survey  Quarter  Sheet  3  S.E.,  the 
southerly  portion  of  Quarter  Sheet  3  N.E.,  and  the  northerly 
portion  of  Quarter  Sheet  2  N.E.  Whittlesea  is  the  most  central 
township  of  this  district. 

This  block  of  country  has  the  granitic  rocks  of  M  mnt  Disap- 
pointment in  the  north,  and  basaltic  rocks  in  the  south-west ; 
but  Silurian  rocks  form  the  major  portion,  and  it  is  with  them 
only  that  this  paper  is  concerned.  The  contour  of  the  Silurian 
area  has  tho  usual  undulating  appearance  of  Silurian  country  of 
moderate  altitude  in  Victoria. 

Previous  Work. 

This  appears  to  have  been  restricted  to  the  mapping  many 
years  ago  by  the  <>ld  Geo  logical  Survey1  :  to  the  determination 
by  tho  late  Prof.  McCoy2  of  some  of  the  fossils  collected  by  the 
Survey  ;  and  to  so  mo  records  by  Mr.  Chapman  from  near  the  Yan 
Yean3.  Tho  work  of  the  field  surveyors  determined  the  boun- 
daries very  accurately  of  the  various  geological  formations  ;  and 


1  Quarter  Sheets,  3  S.E.  and  3  N.E.,  by  Norman  Taylor,  1857  and  1858.     Quarter  Sheet 
2  N.E  ,  by  Robert  Etheridge,  Jr.,  1868. 

2  Prod.  Pal.  Vic,  Decades  v.  and  vi.  and  Quarter  Sheet  3  N.E.  List  of  fossils  fromBb.  15, 

16,  17. 

3  Vu\  Nat.,  vol.  xx.,  1904,  p.  165. 
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Prof.  McCoy,  from  the  pakeonbological  evidence,  was  enabled  to 
prove  the  Silurian  age  of  the  older  sedimentary  formations,  and 
to  suggest1  that  fossils  from  certain  localities  were  indicative  of 
the  base  of  the  Upper  Silurian  (Silurian),  a  suggestion  that  Mr. 
Chapman  in  his  Appendix  to  this  paper,  by  his  determination  of 
their  Melbournian  age,  now  confirms.  There  was  not  sufficient 
material  to  indicate  the  geological  structure  of  the  rocks,  nor 
to  subdivide  them  paJjeontologicaily. 

Since  the  work  of  the  Survey,  many  more  sections  have  been 
revealed  by  road  cuttings;  and  these  have  enabled  me  to 
collect  many  fossils  and  to  record  observations  by  which  the 
general  geological  structure  may  be  ascertained,  and  the  beds 
subdivided. 

LlTHOLOOICAL    CHARACTERS. 

The  rocks  throughout  the  area  are  on  the  whole*  extremely 
uniform  in  general  lithologioal  characters.  They  vary  from  thin 
bedded  shales  and  mudstones  of  very  fine  grain  to  fairly  thick 
bedded,  coarse-grained  micaceous  sandstones,  which  are  often 
siliceous.  The  finer  grained  rocks  are  generally  rubbly,  often 
conchoidal  in  fracture,  soft  under  the  hammer,  generally  contain 
little  mica,  and  possess  a  considerable  variety  of  colours.  They 
are,  if  anything,  characteristic  of  the  Melbournian  division  of 
this  area.  The  coarser  grained  rocks  often  contain  much  mica, 
are  usually  brown  or  yellow  in  colour,  are  frequently  mottled, 
and  possess  more  pronounced  joints  than  the  finer  grained  series. 
They  are  more  indicative  of  the  Yeringian  division  in  this 
district. 

The  only  distinctive  bands  are  the  sandstone,  noted  by  Mr. 
Chapman  under  section  V9  in  the  Appendix,  as  containing  starved 
forms  of  Camarotoeohia  decemplicata,  Sow.  gp.,  and  a  shelly 
limestone.  The  former  is  found  forming  a  line  of  reef  contain- 
ing small  quartz  veins,  on  a  hill  to  the  south  of  Mount  Phillippi. 
The  same  kind  of  rock  (but  so  far  as  I  have  observed,  without  quartz 
veins),  containing  similar  fossils,  is  found  at  Mount  Phillippi, 
and  also  at  section  XIII.     As  the  occurrences  at  the  line  of  reef 

1  Quarter  Sheet,  3X.E. 

2  This  and  the  other  numbers  in  Roman  numerals  refer  to  the  fossiliferous,  sections 
marked  on  the  accompanying  map.  In  the  Appendix  the  same  numbers  are  used  to 
indicate  the  same  sections. 
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and  at  section  XIII.  are  about  the  same  distance  from  the  axis 
of  the  great  anticline  described  below,  it  is  possible  that  this  is 
a  distinctive  band. 

The  limestone  referred  to  is  found  at  section  VII.  on  the 
Cemetery  Hill  road.  It  is  about  2  feet  thick,  and  exposed  along 
the  road  for  about  35  feet.  The  rock  is  a  tough,  dense,  com- 
pact, sandy  limestone  of  dark  grey  colour.  It  is  composed 
almost  wholly  of  brachiopod  shells,  which,  as  usual  in  lime- 
stones, are  only  clearly  seen  on  weathering.  The  fossils  may  be 
detected  in  abundance  here,  as  many  blocks  have  been  out  away 
and  removed  to  the  side  of  the  road,  thus  allowing  the  weather 
to  develop  the  organisms.  A  noticeable  feature  is  the  number 
of  a  very  large  form  of  Spjrifer,  described  by  Mr.  Chapman  in 
the  Appendix.  A  possible  representative  of  this  limestone  is 
found  at  section  VI.,  but  as  the  arenaceous  constituents  of  the 
rocks  at  the  latter  section  predominate  over  the  calcareous,  the 
conditions  of  formation  were  somewhat  different. 

Geological  Structure. 

The  map  accompanying  this  paper  (whioh,  in  its  topography 
and  geological  boundaries,1  has  been  compiled  from  the  Quarter 
Sheets  of  the  area)  records  the  dips2,  copied  from  such  Quarter 
Sheets,  together  with  the  additional  ones  taken  by  myself. 
These  show  that  the  general  geological  structure  of  the  district 
is  simple* — a  great  anticline,  and  a  well-defined  syncline,  sepa- 
rated by  a  fault. 

The  antioline  may  be  traced  for  about  9  miles  from  the  Yan 
Yean  Reservoir,  northward  to  the  south-west  of  Mount  Dis- 
appointment. Its  axis  runs  from  Barber's  Creek  some 
distance  in  a  northern  direction  west  of,  but  approx- 
imately parallel  to,  the  railway  line,  the  main  Whittle- 
sea  road  and  the  Plenty  River.  As  it  approaches  the 
township  of  Whittlesea,  it  turns  towards  the  north-west,  and 
runs  parallel  to  Bruce's  Creek,  a  north-westerly  tributary  of  the 
Plenty  River.  This  coincidence  of  the  axial  line  of  the  anticline 
with  the  direction  of  the  Plenty  River  and  Bruce's  Creek  valleys, 

1  For   simplicity   I  have  ignored  the    Alluvial  and  Post-Pliooene  4ndic*Wd  on  th« 

(Quarter  Sheets. 

i  Indicated  by  double-headed  arrows. 
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is  worthy  of  note.  As  regards  the  cause  of  the  deviation  of  the 
anticline  itself,  it  may  be  that  the  granitic  intrusion  of  the  Mount 
Disappointment  rocks  is  the  determining  factor.  The  average 
dip  of  the  beds  is  about  50  deg.,  so  that  the  anticline  forms  a 
broad,  fairly  gentle  fold.  This  is  borne  out  where  the  actual 
axis  can  be  seen,  as  at  Barber's  Creek,  in  Quarter  Sheet  2  N.E. 
and  at  the  Glenburnie  road,  near  the  main  road  from  Whittlesea 
to  Wallan.  At  the  latter  section  the  anticline  appears  to  have 
a  slight  pitch  to  the  north.  I  have  located  only  one  minor  fold 
in  the  main  anticline.  This  fold — a  syncline — is  determined  by 
the  sections  along  the  Cemetery  Hill  road.  It  does  not  appear 
to  extend  far  either  to  the  north  or  to  the  south.  The  beds  of  the 
anticline  exposed  on  each  side  of  its  axis  occupy,  in  a  horizontal 
line,  about  2  miles.  The  rocks  are,  as  will  be  subsequently  shown, 
of  Melbourniau  age.  From  the  structural  and  pal  aeon  tological 
importance  of  this  fold,  I  propose  (following  Prof.  Gregory's 
nomenclature)1  to  distinguish  it  as  the  "Whittlesea  Anticlinal." 
The  other  main  structural  feature  is  the  syncline  observed 
near  the  junction  of  the  Cemetery  Hill  and  the  Merriang  roads. 
Its  axial  line  crosses  the  former  road  about  100  yards  to  the  east 
of  the  junction  of  the  roads  just  mentioned2,  but  such  line  has  so 
far  been  definitely  traced  a  very  short  distance.  The  syncline, 
however,  is  no  minor  fold,  as  the  low  angles  maintained  for 
about  a  mile  on  each  side  of  the  axial  line  demonstrate.  The 
fold  must  therefore  have  been  a  broad,  far-reaching  one,  but  its 
septa  have  been  removed  by  denudation.  The  strike  on  the 
eastern  side  of  the  axis  averages  about  N.  40  deg.  E.,  with  a 
corresponding  north-westerly  dip  at  an  angle  of  about  10  deg. 
The  strike  of  the  western  side  is  about  N.  50  deg.  W.  on  the 
average,  with  a  corresponding  north-easterly  dip  at  about  the 
same  angle  as  the  other  side.  We  have  thus  a  "  nosing  in  "  to 
the  south,  with  an  increasing  divergence  of  strike  to  the  north. 
This  "  nosing  in  "  gives  rise  to  a  series  of  V-shaped  outcrops  in 
ground  plan.  Whether  this  structure  continues  for  any  consider- 
able distance,  either  to  the  north  or  to  the  south,  it  is  at  present 
impossible  to  say,  on  account  of  the  paucity  of  dips  in  the  former 

1  The  Heathcotian.     Proc.  Roy.  Soc.  Vict.,  vol.  xv.  (n.s.  >,  pt.  ii.  (1002),  p.  171. 

2  Some  apparent  dips  at  the  very  small  sections  marked  ix.  on  the  map,  would  if 
correct,  throw  the  axial  line  a  little  further  to  the  east ;  but  in  view  of  the  clearness  of  the 
road  sections,  these  may  be  disregarded. 


Silurian  Rocks  of  Whittlesea.  215 

direction  and  the  basaltic  flows  in  the  latter.  The  syncline 
pitches  to  the  north,  and  the  axial  line  can  be  drawn  in  a 
northerly  direction  for  abou.t  one  mile,  but  beyond  this  it  is 
uncertain.  The  rocks  are,  as  indicated  later,  mainly  of  Teringian 
age,  and  as  the  syncline,  therefore,  is  of  importance  structurally 
and  palseontologically,  I  suggest  that  the  name  of  the  "  Merriang 
Synclinal  "  be  given  to  it. 

There  is  a  third  possible  structural  feature — a  fault.  As 
already  noted,  tho  strike  of  the  eastern  side  of  the  syncline  is 
about  N.  40  deg.  E.,  the  strata  dipping  at  about  10  deg.  The 
striko  of  the  western  leg  of  the  Whittlesea  anticlinal  along  the 
Cemetery  Hill  road  is  from  5  deg.  to  10  deg.  west  of  north,  with 
a  dip  at  an  angle  of  about  50  deg.  If  the  strike  lines  be  con- 
tinued to  the  north  of  the  road  just  mentioned,  they  will  meet 
at  an  acute  angla  The  only  satisfactory  explanation  is  a  fault, 
and  apparently  a  strike  fault,  so  far  as  the  Whittlesea  anticlinal 
beds  are  concerned.  The  pitch  of  the  Merriang  Synclinal  may 
have  been  caused  by  this  fault,  and  the  rocks  of  this  fold  would 
be  on  the  downthrow  side.  The  amount  of  the  displacement  is 
at  present  unascertainable.  The  probable  course  of  the  fault 
for  abmit  2h  miles  is  indicated  on  the  map.  How  far  it  continues 
cannot  at  present  be  said.  Perhaps  a  cross  fault  occurs  near  to, 
but  to  the  west  of,  Mount  Phillippi.  The  section  accompanying 
this  paper  indicates  the  general  structure  along  the  Cemetery 
Hill  road. 

FoSSILIFEROUS    SECTIONS. 

These,  with  the  exception  of  XII.  and  XIII.,  have  been  dealt 
with,  as  regards  the  fossils,  by  Mr.  Chapman  in  the  Appendix. 

Some  of  tho  sections  are  excellent,  both  for  fossils  and  for 
structural  evidence.  Amongst  these  are  III.,  VII.,  VIII.  and 
XII.  At  the  last  named,  Pleurodictyum  megastomum,  Dun,  is 
tho  only  fossil  yet  determined.  Section  III.  is  identical  with 
Kb  15  <>n  Quatrer  Sheet  3  N.E.  At  section  VII.  a  richly  fossil- 
iferous  ferruginous  sandstone  occurs  under  the  shelly  limestone. 
Section  VI.  is  the  richest  of  all  for  fossils  (trilobites  and 
brachinpods  being  especially  abundant);  but  the  rocks  are 
merely  small  blocks  thrown  out  in  grubbing  trees.  Most  of  the 
other  records  are  either  very  small  sections  or  outcrops,  and 
where  the  dip  is  not  indicated  on  the  map,  there  is  not  sufficient 
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information.,  as  a  rule,  to  determine  it.  IX.  represents  two 
sections,  whose  fossils  have  become  mixed,  but  they  are  both  in 
the  Yeringian  area.  The  fossils  from  section  X.  Mr.  Chapman 
classes  as  of  doubtful  horizon,  no  doubt  from  their  scarcity  and 
want  of  characteristic  fossils;  but  the  map  shows  that  these 
rooks  come  within  the  Yeringian  area.  Section  XI.  has  not  been 
carefully  examined,  but  will  probably  be  found  to  be  Yeringian. 

Aob,  Extent  and  Thickness  op  the  Beds. 

Mr.  Chapman  has  shown  in  the  Appendix  that  the  fossils  col- 
lected indicate  rocks  of  Melbournian  and  Yeringian  age,  with 
probable  Passage  beds.  With  this  assistance,  I  have  been 
enabled  to  indicate  the  areas  of  the  respective  series  on  the  map 
attached.  The  Melbournian  is  practically  coincident  with  the 
Whittlesea  Anticlinal.  There  is  in  addition  the  small  triangular 
block  between  the  fault  and  the  Passage  beds.  The  rocks  of 
this  piece  of  country  form  part  of  the  Merriang  Synclinal,  and 
are  conformable  to  the  Passage  beds  and  the  Yeringian.  As 
they  are  below  the  Passage  beds  they  must,  for  the  present,  be 
regarded  as  Melbournian.  This  will  be  an  interesting  point  to 
settle,  as  if  it  is  Melbournian,  we  shall  then  have  Melbournian, 
Passage  beds  and  Yeringian  all  conformable  to  one  another. 

The  Passage  beds  occur  at  sections  VI.  and  VII.,  and  their 
field  relations  justify  the  view  that  the  rocks  at  these  sections 
form  part  of  the  same  set  of  beds.  I  have  therefore  connected 
them,  on  the  map. 

The  area  of  the  undoubted  Yeringian  rooks  is  small,  forming 
part  only  of  the  Merriang  Synclinal ;  but  their  northward  exten- 
sion will  no  doubt  subsequently  be  proved. 

As  regards  thickness,  allowing  an  average  inclination  of  50 
deg.  for  the  beds  in  the  Whittlesea  Anticlinal,  and  assuming 
there  is  no  undiscovered  repetition  of  the  beds,  I  estimate  the 
thickness  of  the  exposed  Melbournian  series  at  between  7000  feet 
and  8000  feet. 

Taking  the  average  angle  of  the  known  Yeringian  beds  at 
10  deg.,  and  with  the  Passage  beds  as  a  base,  the  thickness  of 
the  Yeringian  series,  as  comprised  within  the  area  of  the  fosail- 
iferous  sections,  would  be  about  750  feet. 

The  rocks  along  the  Cemetery  Hill  Road  between  the  fault  and 
the  probable  Passage  beds,  have  a  thickness  of  about  600  feet. 


Silurian  Rocks  of  Whittlesea. 


217 


Summary  of  Conclusions. 

The  Silurian  rocks  of  the  district  consist  structurally  of  a  great 
anticlinal  fold,  called  the  Whittlesea  Anticlinal,  and  an  important 
synclinal  fold,  called  the  Merriang  Synclinal,  separated  by  a 
strike  fault. 

Palseontologioally  they  can  be  subdivided  into  the  Mel- 
bournian  series  (coincident  with  the  Whittlesea  Anticlinal)  and 
the  Yeringian  series  (to  which  part  of  the  Merriang  Synclinal 
belongs),  such  series  being  divided  by  probable  Passage  beds 
containing  a  rich  fauna. 

The  estimated  thickness  of  the  Melbournian  series  is  between 
7000  feet  and  8000  feet,  while  that  of  the  Yeringian  is  about 
750  feet. 

A  shelly  limestone  forming  part  of  such  Passage  beds  is  the 
most  striking  lithological  feature. 

Finally,  I  wish  to  express  my  indebtedness  to  Mr.  Chapman 
in  connection  with  this  paper.  He  has  not  only  most  willingly 
examined  and  determined  all  fossils  submitted  to  him,  but  has 
throughout  my  work,  aided  me  with  his  advice  and  encourage- 
ment. 


Notes   on    a    Collection    of    Silurian    Fossils    frovi    the 
Whittlesea    District,   made  by    Mr.    J.    T.    Jutson. 

By   FREDERICK     CHAPMAN,     A.L.S.,    Etc. 

(National    Museum). 
(Plates  IV.,  V.). 


Preliminary  Remarks. 

The  following  determinations  have  been  made  upon  a  very 
representative  series  of  fossils  from  both  divisions  of  the 
Silurian,  the  Melbournian  and  the  Yeringian  ;  whilst  there  also 
seems  to  be  a  special  fauna  represented  at  the  localities  near  the 
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Glenburnie  road,  and  at  Cemetery  Hill  road,  which  may  for  the 
present  be  regarded  as  a  passage  bed  between  the  two  divisions, 
or  possibly  a  basement  bed  of  the  Yeringian,  containing  Dalman- 
ites  meridianus  at  a  higher  horizon  than  usual. 

The  majority  of  the  fossils  are  represented  either  as  casts  in 
mudstone  or  sandstone.  As  is  often  the  case,  the  mudstone 
casts  afford  very  perfect  squeezes  in  wax,  in  which  all  the 
minutiae  of  a  well-preserved  fossil  may  be  made  out,  with  the 
additional  advantage  of  structure  produced  by  weathering,  and 
not  generally  seen  in  the  thoroughly  mineralised  fossils.  Thus 
tho  vascular  system  of  Atrypa  reticularis  is  often  shown  with 
surprising  clearness  in  the  mudstone  casts  from  the  Glenburnie 
beds,  and  the  same  may  be  said  of  a  species  of  Orthis  (Rhipi- 
domella)  which  occurs  in  the  Merriang  road  beds,  which  shows 
both  muscular  and  vascular  impressions. 

LISTS   OF   FOSSILS. 
The  numbers  refer  to  localities  so  marked  on  map. 

Melbournian    Series. 

I. — Yan  Yean  ;  from  the  tunnel  to  Reservoir. 

Crinoids,  indet.  Columnars  only,  of  a  slender-stalked  species ; 
usually  found  in  great  abundance  in  a  fine-grained  sandstone. 

Chonetes  melbournensis,  Chapm.  Found  both  in  the  sand- 
stone and  mudstone.  These  examples  are  smaller  than  those 
from  the  South  Yarra  mudstone. 

Xucula,  sp. 

Encrinurus,  sp. 

fPhacops. 

Besides  these  forms  I  have  already  recorded  from  the  same 
locality,  Hyolithes  novellus,  Barr.,  and  Bellerophon,  sp.,  in  addi- 
tion to  Phacops  and  Encrinurus,  whilst  the  Chonetes  was  pre- 
viously referred  to  as  Chonetes  cf.  melbournensis1. 

II. — Corner  of  Kinirlake  and  Jack's  Creek  Roads. 
Cumaroteechia  decemplicata,  Sow.  sp. 
Rhynchotrema  liopleura,  McCoy  sp. 


1   Vict.  Naturalist,  vol.  x\.,  1001,  \\  1U5. 
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Rhynchonellid,  indet. 
INucula  lamellata,  J.  Hall. 

IH._Wallan  Road. 

Crinoids,  indet.    Remains  of  the  columnars  of  a  slender-stalked 
species,     cf.  Chonetes. 
Orthis  sp. 

Camarotoechia  deoemplioata,  Sow.  sp.     Common. 
Rhynchotrema  liopleura,  McCoy  sp.     Very  common. 
Rhynehotrema  formosa,  McCoy  sp.     Several. 
lAthyris1 
cf.  Palseoneilo  or  Nuculitee. 

IV._.Wallan  Road. 

Chonetes  melbournensis,  Chapm. 
Camarotoechia  decemplicata,  Sow.  sp. 
Rhynchotrema  liopleura^,  McCoy  sp. 

Probably    Melbournian. 

V. — From  line  of  reef,  S.  of  Mt.  Phillippi. 

Camarotoechia  decemplicata,  Sow.  sp.  A  number  of  impres- 
sions in  hard  pinkish  sandstone,  of  a  starved  variety.  The 
lithnloincal  condition  of  this  bed,  and  the  aggregated  shells,  are 
closely  matched  in  other  occurrences  of  the  lower  division 
of  the  Victorian  Silurian ;  whilst  strata  of  similar  character  have 
not  been  observed,  so  far  as  I  am  aware,  in  the  Yeringian 
series. 

Probably  Passage  beds  between  the  Melbournian 
and  Yeringian  series,  but  showing  more  of 
the   faunal   characters   of  the   latter. 

VI.  —From  Creek  near  Glenburnie  Road. 

?ZMphrentis,  showing  tendency  to  rejuvenescent  habit  of 
mrowth. 


1  This  fossi!  mav  he  related  to  those  referred  by  Mr.  R.  Etheridfje,  Junr.  (wee  Monthly 
Pros.  Rep.,  No.  3,  18W),  Geol.  Surv.  Vict,  p.  24),  to  "  Brachiopod  allied  to  Atrypa  maun, 
I>;t\ ."  Mr.  Ethcrid^e  also  records  other  more  or  less  indeterminate  fossils  from  the  same 
district,  and  remarks  that  the  fossils  "are  of  Upper  Silurian  age,  but  whether  high  or  low 
in  th.it  series,  there  is  not  sufficient  evidence  to  determine." 
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?Cyathophyllum. 

Pleurodictyum  megastomum,  Dun. 

Monticulipora  sp. 

Crinoid  columnars. 

Stropheodonta  alata,  Chapm. 

Leptaena  rhomboidalis,  Wilckens  sp. 

fChonetes. 

Orthis  (Dalmanella)  canaliculata,  Lindstrom. 

Orthis  (Dalmanella)  elegantula,  Dalman. 

Orthis  (Dalmanella)  testudinaria,  Dalman. 

Rhynchotrema  cf.  formoaa,  J.  Hall  sp. 

Rhynchotrema  liopleura,  McCoy  sp. 

Rhynchotreta  ouneata,  Dalman. 

Camarotoechia  sp. 

Atrypa  reticularis,  Linn,  sp. 

Spirifer  perlamellosus,  J.  Hall,  var.  densilineata,  nov. 

Actinopteria  boydi,  Conrad  sp. 

Proetus  rattei,  Eth.  fil.  and  Mitoh. 

Cyphaspis  cf.  yasaensis,  Eth.  fil.  and  Mitch. 

Homalonotus  sp. 

Phacops  cf.  sweeti,  Eth.  fil.  and  Mitch. 

Dalmanites  meridianus,  Eth.  fil.  and  Mitch. 

VII. — Cemetery  Hill  Road  Limestone  Section. 

Crinoid,  indet. ;  coiled  distal  end  of  column. 

Stropheodonta  (Brachyprion)  lilydalensis,  Chapm. 

Strophonella  euglyphoides,  Chapm. 

Leptaena  rhomboidalis,  Wilckens  sp. 

Orthis  (Dalmanella)  testudinaria,  Dalman. 

Orthis  (Dalmanella)  elegantula,  Dalman 

Platystrophia  biforata,  Sohloth.  sp. 

Camarotoechia  decemplicata,  Sow.  sp.  . 

Rhynchotreta  cuneata,  Dalman. 

Uncinulus  stricklandi,  Sow.  sp. 

Spirifer  perlamellosus,  J.  Hall,  var.  densilineata,  nov. 

Actinopteria  boydi,  Conrad,  sp. 

Modiomorpha  sp. 

A  gasteropod  (mould),  indet. 

Dalmanites  meridianus,  Eth.  fil.  and  Mitch. 
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Yeringian    Series. 
VIII. — Merriang  Road. 

Pleurodictyum  megastoinum,  Dun. 

Crinoid  remains  (columnars)  :  iodet. 

TLingula. 

Orthis  (Dalmanella)  testudinaria,  Daiman. 

Orthis  (Dalmanella)  elegantula.,  Daiman. 

Orthis  (Rhipidornella)  sp. 

Camarotoechia  decemplicata,  Sow.  sp. 

fZygospira. 

Atrypa  reticularis,  Linn.  sp. 

Trilobite  (pygidium)  indet. 

IX. — Barber's  Creek. 

Stropheodonta  alata,  Chapm. 

Camarotoechia  decemplicata,  Sow.  sp. 

Atrypa  reticularis,  Linn.  sp. 

?Spirifer. 

/Nucleospira. 

JAthyris. 

Actinopteria  boydi,  Conrad  sp. 

Silurian    of    Doubtful    Horizon. 

X.— From  Hill  West  of  Glenburnie  Road  Beds. 

Orbiculoidea  sp.  ;  probably  a  new  form. 

/Rhyn«:hotrema  liopleura,  McCoy  sp.  Part  of  a  ventral  valve, 
showing  strongly  accentuated  laminae  of  growth,  sometimes  met 
with  in  this  species. 

LAthyris. 

XL— From  "  The  Gap,'"  near  Wallan. 

(h«»net es  cf.  cresswelli,  Chapm.  Two  small  examples,  distinct 
from  C.  melbournensis  in  having  numerous,  comparatively  strong 
riblets,  becoming  divergent  near  the  margin. 

Camarotoechia  decemplicata,  Sow.  sp. 
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Palaeontological    Notes. 

Pleurodictyum  megastomum,  Dun. 

P.  megastomum,  McCoy,  1867  (noinen  nudum),  Ann.  Mag. 
Nat.  Hiat.,  ser.  3,  vol.  XX.,  p.  201,  footnote. 

Dun,  1898,  Proc.  Roy.  Soc.  Vict.,  vol.  X.N.S.,  pt.  II.,  p.  83,  pi. 
III.,  fig.  1. 

The  specimens  in  the  present  collection,  from  Glenburnie 
Road  and  Merriang  Road,  afford  additional  evidence  of  the  pecu- 
liar habit  of  this  species  to  attach  itself  to  the  stems  of 
crinoids,  which  character  may  also  hold  good  for  the  genus.  In 
a  former  paper1  I  have  drawn  attention  to  this  peculiarity  and 
in  the  case  of  the  Victorian  specimens,  whose  corallum  often 
attains  a  diameter  of  over  5  cm.,  they  seem  invariably  to  select 
a  comparatively  slender-stalked  crinoid  for  attachment,  which 
must  have  imposed  a  heavy  burden  upon  their  host.  The  oppor- 
tunity is  now  taken  to  correct  a  locality  given  in  my  paper 
above-mentioned  (p.  107),  caused  by  a  duplication  of  reference 
letters  and  numbers  on  the  Survey  specimens,  in  which  the 
locality  B16  as  there  recorded  should  read  "  Simmons'  Bridge 
Hut  on  the  Yarra,"  and  not  "  West  of  Mt.  Disappointment  " ; 
the  reference  to  the  latter  having  been  afterwards  altered  by  the 
Survey  to  Bbl6. 

In  reference  to  its  distribution  it  is  interesting  to  note  that 
P.  megastomum  was  collected  by  Mr.  G.  Sweet  from  near  Kil- 
more,  and  probably  from  about  the  same  horizon  as  the  Glen- 
burnio  Road  Beds. 

Platt/strophia  biforata,  Schlotheim,  sp. 

The  occurrence  of  the  above  fossil  in  strata  having  a  strong 
Yeringian  facies,  viz.,  the  Cemetery  Hill  Road  section,  affords 
further  evidence  of  its  greater  abundance  in  Victoria  in  the 
equivalent  of  the  Wenlock.  It  has  also  been  found  in  the 
Walhalla  and  Mt.  Wellington  Districts  in  Gippsland  in  strata 
whicli  may  be  of  similar  age2. 

1  Proc.  Roy.  Soc.  Vict.,  vol.  xv.,  n.s.,  pt.  ii.,  1903,  p.  106,  pi.  xvi.,  fijfg.  2-5. 

2  Vict.  Naturalist,  vol.  xxiv.,  1907,  p.  34. 
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Spirifer  perlamellosus,  J.   Hall,  var.  dcnsilineata,  now 
(PI.  IV.,  Fig.  1,  2;    PI.  V.). 

Description. — Shell  large,  semicircular  ;  extremities  obtuse  to 
acutely  pointed.  Ventral  valve  gently  arcuate,  beak  well  pro- 
jected beyond  the  cardinal  line ;  dorsal  valve  strongly  convex 
towards  the  middle.  Cardinal  area  moderately  high.  Median 
sinus  wide  and  deep  :  median  fold  moderately  wide  and  some- 
what depressed  or  even  concave  on  the  top.  On  either  side  of 
fold  and  sinus,  four  strong,  subangulate  to  rounded  plications, 
and  indications  of  two  more,  near  the  cardinal  line,  nearly  obso- 
lete. Shell-surface  with  concentric  lamellae  as  in  the  specific 
form,  but  more  distinct  ;  radial  surface  striae  well  developed, 
closely  arranged  and  almost  continuous  from  beak  to  margins. 
Width  alone  cardinal  line  in  a  typical  example,  55  mm.  Length 
from  beak  to  anterior  margin,  approximately  35  mm. 

Observations. — The  present  variety,  densilimaia,  differs  from 
the  type  form  in  the  more  distantly-spaced  surface  lamellae  of 
the  shell,  and  the  persistent  striae.  The  type  species  was  de- 
scribed by  J.  Hall  from  the  Lower  Helderberg  Group  (shaly 
limestone)  of  the  State  of  New  York. 

In  a  former  paper,  giving  a  list  of  Silurian  (Yeringian)  fossils 
from  the  Croydon  District.  I  included  a  spirifer  there  referred 
to  as  5.  perlamellosus,  var.  now,  and  bracketed  it  with  McCoy's 
S.  sulcata.  The  smaller  examples  of  the  new  variety  densilineata 
show  certain  marked  affinities  with  those  figured  by  McCoy  under 
Hisimrer's  specific  name,  and  at  the  time  it  seemed  highly  prob- 
able that  they  made  a  continuous  series  of  one  variable  species. 
A  further  examination  of  a  large  number  of  Yeringian  spirifers 
shows,  however,  that  McCoy  was  right  in  regarding  his  specimens 
from  Yering  as  identical  with  Hisinger's  species,  the  chief  and 
fairly  constant  differences  between  the  two  forms  S.  perla- 
mellosus, var.  densilineata,  and  S.  sulcatus  being  the  higher 
delthyrium,  the  closer  lamellation,  more  numerous  plications, 
and  interrupted  striae  of  the  latter.  The  Croydon  examples 
should,  therefore,  be  referred  to  Spirifer  sulcatus,  Hisinger  sp. 

1  Pal.  N.  York,  vol.  Hi.,  1859,  p.  201,  pi.  xxvi.,  flga.  1,  2. 

2  Vict.  Naturalist,  vol.  xxiii.,  1906,  p.  289. 
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S.  perlamellosus,  var.  densilineata  was  found  both  in  the 
Glenburnie  and  Cemetery  Hill  Road  sections,  and  it  will  prob- 
ably prove  to  be  a  good  zone  fossil. 

ActinopUria  boydi,  Conrad  sp. 

Avicula  boydi,  Conrad,  1842,  Journ.  Acad.  Nat.  Sci.  Philad., 
vol.  VIII.,  p.  237,  pi.  XII.,  fig.  4. 

This  species  is  already  known  from  the'  Hamilton  Group  of 
N.  America  and  the  Upper  Ludlow  of  Britain.  It  is  widely 
distributed  in  our  Yeringian  series,  having  been  found  at  Croydon 
and  at  various  points  in  the  neighbourhood  of  Li lyd ale,  in  addi- 
tion to  the  present  occurrence  at  Glenburnie  Road,  Cemetery  Hill 
Road  and  Barber's  Creek. 

Modiomorpha  sp. 
Three  examples  of  a  modioliform  shell  occur  on  one  slab  from 
the  Cemetery  Hill  Road  section.  They  are  bivalves  having  a 
strong  umbonal  ridge,  concentric  lamellae,  and  expanded  posterior 
cardinal  area.  A  fairly  close  comparison  may  be  made  with  Af. 
concentrica,  Conrad  sp.1  from  the  Hamilton  Group  of  N. 
America. 

Proetus  rattei,  Eth.  fil.  and  Mitch. 

P.  rattei,  Eth.  fil.  and  Mitch.,  1892,  Proc.  Linn.  Soc,  N.S.W.. 
vol.  VI.,  p.  316,  pi.  XXV.,  figs,  2,  2a-d. 

Two  examples  of  the  pygidium  of  the  above  species  are  found 
in  the  series  of  fossils  from  Glenburnie  Road.  They  show  the 
characters  of  the  described  form  in  the  relatively  long  axis  with 
eight  rings  and  rapid  contraction  towards  the  pygidial  margin. 
It  is  interesting  to  note  the  first  occurrence  of  this  trilobite  in 
Victoria,  the  species  having  been  described  from  the  Lower 
Trilobite  Bed  of  the  Bowning  Series,  of  Bowning  Creek,  Bown- 
ing,  Co.  Harden,  New  South  Wales.  The  above  authors  ascribe 
the  horizon  doubtfully  to  the  Wenlock. 

Phacops  sp.,  cf.  sweetie  Eth.  fil.  and  Mitch. 

A   few   pygidia  of  a  small  variety  of  Phacops  allied  to  the 

above  species1   occur   in  the  Glenburnie  Road   material.     They 

have   a   well-marked   and   narrow  axis   and   a  rounded   pygidial 

border.     These    fossils    may   represent    a   neat   variety    of    the 

1  Sec  Hall  and  Clarke,  Pal.  N.  York,  vol.  v.,  pt.  1  (ii.),  1885,  p.  275,  pi.  xxxvi.,  figs.  1-18. 

2  Phacops  fecundus,  McCov,  non  Barrande,  Proc.  Pal.  Vict,  dec  Hi.,  1876,  p.  15,  pi. 
xx ii.,  figs.  8,  9,  pi.  xxiil,  flff8."l-6. 
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above  species,  or  possibly  a  new  form.  In  the  absence  of  any 
knowledge  of  the  pygidial  characters  of  P.  mansfieldensis,  Eth. 
fil.  and  Mitch.,  we  are  unable  to  form  any  idea  of  its  relation- 
ship to  our  species,  but  it  is  just  possible  that  the  two  may 
bear  some  affinity.  Relative  to  the  present  specimens,  there  is 
a  small  pygidium  of  a  Phacops  resembling  the  Glenburnie  ex- 
amples, from  the  Thomson  River  Limestone  Beds,  in  the  Na- 
tional Museum  collection,  which  I  had  previously  compared  with 
P.  bulliceps,  Barrande. 

Dalmanites  meridianus,  Eth-  fil.  and  Mitch. 

D.  meridianus,  Eth.  fil.  and  Mitch.,  1896,  Proc.  Linn.  Soc. 
KS.  Wales,  vol.  X.,  pt,  3,  p.  504,  pi.  XXXVIII.,  figs.  1-8 ;  pL 
XL.,  fig.  1. 

Specimens  of  the  above  trilobite  are  numerous  in  the  present 
collections  from  Glenburnie  Road  and  Cemetery  Hill  Road.  They 
include  examples  in  almost  every  stage,  varying  in  length  from 
2  to  10  cm.  in  the  complete  specimen.  This  trilobite  was  first 
described  from  Victorian  specimens  by  McCoy,  under  the  name 
of  Phacops  (Odontochile)  caudatus1,  but  Messrs.  R.  Etheridge 
and  Mitchell  have  since  shown  it  to  he  distinct  from  Briinnich's 
species.  It  has  usually  been  obtained  in  Victoria  from  the  Kil- 
more  and  Wandong  Beds,  which  appear  to  contain  aMelbournian 
facies  ;  its  persistence  through  at  least  two  horizons,  shown  by  its 
occurrence  here  in  the  Glenburnie  Beds  with  a  Yeringian  facies 
is  supported  by  its  appearance  in  New  South  Wales  in  the 
Middle  and  Upper  Trilobite  Beds  of  the  Bowning  Series.  D. 
meridianus  is  also  recorded  from  Tasmania  (Etheridge  and 
Mitchell),  and  there  is  a  typical  specimen  from  Zeehan  in  the 
Nat.  Museum  collection. 

EXPLANATION  OF   PLATE. 

Spirifer  perlamellosus,  J.  Hall,  var.  densilinesta,  nov. 

Fig.    1.     An     imperfect    brachial    valve,     showing    strong 

lamellae. 
Fi<j.  2. — A  nearly  complete  brachial  valve,  decorticated. 
Fi<r    3. — External  mould  of  a  brachial  valve,  showinr 
closely  packed  radial  striae. 
These  figures  are  about  one-fourth  larger  than  the  o\ 
specimens. 

1  Prod.  Pal.  Vict.,  dec.  iii.,  187t$,  p.  13,  pi.  xxii.,  figs.  1-7;  pi.  xxiii.,  flga.  710. 
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Akt.    III. — Tlte    Body    Spaces    and    So-called    Excretory 
Organs  of  Ibla   quadrivcdvis. 

By   FREDA    BAGE,    M.Sc. 

(Biological  Laboratory,  Melbourne  University). 

(With  Plate  VI.). 

[Bead  12th  March,  1908.] 

Since  the  publication  of  Darwin's  Monograph  of  the  Cirri- 
pedia  [2]  a  great  deal  of  work  has  been  done  on  these  forms, 
which  have  a  number  of  organs  whose  function  is  either  unknown 
or  disputed.  The  following  work  on  the  body  spaces  and  so- 
called  excretory  organs  of  Ibla  quadrivcdvis  has  been  done  in  the 
Biology  School,  University  of  Melbourne,  at  the  instigation  and 
under  the  supervision  of  Professor  Baldwin  Spencer,  in  order  to 
try  and  clear  up,  for  this  form  at  least,  some  of  these  uncertain 
points.  So  far  as  I  am  aware,  this  species  has  not  been  worked 
before,  and  I  have  been  fortunate  in  having  a  practically  un- 
limited number  of  specimens  at  my  disposal,  as  it  is  common 
near  Melbourne.  The  investigation  has  been  carried  on  by 
means  of  a  series  of  serial  sections  cut  transversely  and  longi- 
tudinally, but  the  toughness  of  the  tissues  renders  it  exceedingly 
difficult  to  secure  good  serial  sections. 

Ibla  quadrivalv%8  grows  attached  to  rocks  in  smaller  or  larger 
clusters  below  high-water  mark.  It  is  a  pedunculated  Cirripede, 
the  peduncle  being  surmounted  by  two  pairs  of  valves,  and  con- 
taining in  its  upper  part  the  body  of  the  animal. 

The  general  body  cavity  is,  as  in  all  Arthropoda,  a  haemoooele 
forming  more  or  less  irregular  spaces  in  the  loose  tissue  which 
connects  the  various  organs  of  the  body.  In  all  the  series,  how- 
ever, in  addition  to  the  hsemocosle,  two  definitely  walled  spaces 
attract  attention  at  once,  and  it  is  these  and  their  relations  to 
other  structures  which  are  the  subject  of  the  present  work. 

Attached  to  the  base  of  the  second  maxilla,  and  between  it 
and  the  inner  maxilla,  on  each  side  of  the  mouth,  is  a  tubular 
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prominence  (Plate  VI.,  Fig.  1,  t.p.)  projecting  at  right  angles  to 
the  mouth  parts.  In  section  each  prominence  is  seen  to  contain 
a  duct  which  serves  for  communication  between  the  exterior 
and  a  large  internal  space.  (Plate  VI.,  Figs.  2,  3  and  5,  A.) 
The  two  spaces,  one  on  either  side  of  the  body,  are  most  notice- 
able in  sections,  being  symmetrical,  and,  in  marked  contrast  to 
the  ordinary  irregular  body  spaces  in  the  animal  being  lined 
throughout  by  a  definite  layer  of  flattened  epithelium.  They  are 
situated  ventral  to  the  oesophagus,  and  are  quite  separate,  only 
approaching  one  another  at  one  place.  Though  Gruvel  says  that 
in  Balanus  tintinnabulum  there  is  a  connection  between  them 
at  this  point  [Gruvel,  5],  I  have  been  quite  unable  to  detect  any 
in  Ibla  after  careful  examination  of  continuous  series  of  sections 
of  several  specimens.  If  the  spaces  (A)  are  traced  through  such 
a  series,  each  of  them  is  found  to  open  towards  its  own  side  of  the 
body  into  another  large  cavity  (Plate  VI.,  Fig.  5,  C),  the  outer 
part  of  which  is  in  contact  with  the  body  wall,  and  which  is 
evidently  the  equivalent  of  the  nephroperitoneal  sac  present  in 
certain  Decapods,  eg.,  Palaemon  and  Pandalus  [Weldon,  17]. 
Into  the  large  cavity  (C.  A.)  opens  on  each  side  a  space  (Plate  VI., 
Figs.  2,  3,  4  and  5,  B.),  lined  by  somewhat  irregular  cubical- 
shaped  granular  cells.  They  are  apparently  heaped  upon  the 
walls,  and  in  addition  form  irregular  partitions  running  across 
the  cavity.  Where  this  space  opens  into  the  large  cavity 
(C.  A.),  these  granular  cells  and  their  partitions  disappear  and  the 
cavity  is  lined  by  pavement  epithelial  cells  (Fig.  4,  y.)  resem- 
bling those  of  the  portion  into  which  the  duct  first  opens. 

We  see  then,  that  each  of  the  organs  in  question  consists  of  a 
glandular  part  (B),  opening  into  a  large  saccular  bladder  (C.  A. ), 
which  communicates  with  the  exterior  by  a  duct  opening  at  the 
base  of  the  second  maxilla  (Plate  VI.,  Fig.  5). 

The  tube  which  opens  to  the  exterior,  is  lined  near  to  the 
external  opening  by  a  single  layer  of  cells  with  their  nuclei 
parallel  to  the  length  of  the  lumen.  After  some  distance  the 
character  of  the  lining  of  the  duct  changes,  the  cells  becoming 
cubic,  and  finally  almost  columnar  in  shape,  though  there  is  still 
only  a  single  row  present.  The  nuclei  are  arranged  very  dis- 
tinctly with  their  greatest  length  at  right  angles  to  the  lumen 
of  the  duct.  As  the  tube  recedes  from  the  surface  it 
slightly  wider,   and   in  one  of  my   series   is  d\«kvnri& 
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shaped  where  it  opens  into  the  definitely  lined  sac.  The  exterior 
cuticle  is  continuous  over  the  cells  lining  the  lumen  of  the  tube 
and  funnel,  ending  suddenly  just  where  the  cubic  cells  pass  into 
the  simple  pavement  epithelial  cells  lining  the  large  sac. 
(Plate  VI.,   Fig.  3,  x). 

The  following  structures  are  also  well  marked  in  my  series 
of  sections ;  and  are  indicated  in  the  figures  :  — 

1.  A  large  gland  situated  between  the  openings  of  the  two 
ducts,  but  having  no  connection  with  the  organs  in  question. 
(Plate  VI,  Figs.  2,  3  and  5,  g.l.) 

2.  Two  nerve  masses  cut  in  transverse  section  close  to  space 
(A),  but  with  no  connection  of  any  kind  with  the  organs  treated 
above.  Hence  the  latter  are  not  sensory  in  function,  as  Darwin 
[2]  thought.     (Plate  VI.,   Figs.  2,  3  and  5,  t.n.) 

3.  Definite  bands  of  muscle  on  each  side  enter  where  the 
body  of  the  animal  is  attached  to  the  peduncle,  and  pass  to  the 
wall  of  cavity  (A).      (Plate  VI.,  Figs  2,  3  and  4,  l.m.,  o.m.) 

4.  On  each  side  of  the  body  a  tubular  looking  structure, 
apparently  lined  by  chitin,  passes  from  the  exterior  to  the  side 
of  the  space  (A).  I  can  find  no  opening  from  it  into  (A),  and 
can  suggest  no  function  for  it.     (P)ate  VI.,  Fig.  2,  z.) 

Thest^  sacs  and  their  various  accompanying  partR  are  appa- 
rently common  to  all  Cirripedes,  and  their  function  and  signifi- 
cance have  given  rise  to  much  discussion  among  all  who  have 
worked  at  them,  many  varying  opinions  being  held. 

Darwin's  description  for  Ihla  rumingii  [2]  of  the  orifice  open- 
ing between  the  outer  and  inner  maxillae  and  leading  into  a  sac 
lined  by  a  pulpy  corium,  and  over  part  of  which  the  outer  integu- 
ment is  inflected,  appears  to  me  to  l>e  quite  correct  as  far  as 
structure  goes,  though  his  supposition  as  to  the  olfactory  func- 
tion of  the  sac  is  not  now  generally  accepted.  The  absence  of 
any  nerve  to  the  sac  shows  that  it  cannot  be  of  a  sensory  nature. 

Hoek  [12]  points  out  that  Darwin's  sac  is  not  closed  at  the 
bottom,  but  gives  entrance  to  the  body  cavity  of  the  animal. 
I  cannot  help  thinking  that  Darwin  intended  by  this  sac  the 
space  called  body  cavity  by  Hoek,  and  in  that  case  Hoek's 
description  agrees  with  that  of  Darwin. 

In  comparing  my  figures  with  those  of  Hoek  for  Scalpellnm 
[12]  several  differences  can  be  seen.     In  the  first  place,  Hoek 
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'figures  the  organ  (B)as  an  "organ  of  unknown  function,"  with  no 
communication  with  cavity  (A).  In  my  preparations  of  Ibla  this 
organ  opens  without  doubt  into  the  space  (A).  From  the  nature 
of  the  cells  composing  the  walls,  i.e.,  granular  irregular  cells, 
I  conclude  that  the  organ  is  glandular  and  probably  excretory 
in  function.  Hoek  also  regards  the  group  of  cells  lining  the 
entrance  of  the  body  cavity  into  the  duct,  as  a  segmental  organ, 
and  believes  it  to  be  excretory  in  function.  He  figures  this  as 
composed  of  more  than  one  layer  of  cells,  and,  though  a  doubt  is 
expressed,  believes  this  to  be  the  case.  Further,  he  distinctly 
states  and  shows  in  his  figures  that  the  cuticle  does  not  continue 
over  these  cells,  but  ends  further  up  the  duct.  In  my  sections, 
after  careful  examination,  I  have  found  no  trace  of  more  than 
one  layer  of  cubical  cells,  and  in  more  than  one  case  I  have  dis- 
tinctly seen  the  cuticle  passing  over  these  cells  and  ending, 
as  stated  above,  at  their  junction  with  the  flattened  epithelial 
cells  lining  the  cavity  (A). 

Gruvel  [5]  regards  these  cells  "as  "  mere  annexes  "  to  the  main 
apparatus,  and  from  the  above  description  it  will  be  seen  that 
this  is  apparently  the  case  here,  as  presumably  no  excretion 
could  take  place  from  them  through  the  chitinous  cuticle.  They 
are  very  distinctly  marked  and  prominent  in  all  sections,  but 
what  their  function  is  it  is  impossible  to  say! 

Comparing  these  organs  with  structures  present  in  other 
forms,  there  appears  to  be  little  doubt  that  they  fall  into  the 
same  category  as  the  coxal  glands  of  Limulus  [Gulland,  11],  the 
shell  glands  of  Crustacea  which  open  in  the  same  position,  viz., 
at  the  base  of  the  second  maxilla,  and  the  glands  of  certain 
Decapod  Crustacea  [Weldon,  17]. 
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EXPLANATION    OF    PLATE. 

A. — Coelomio  space  on  each  side  of  the  body  opening  to  the 

exterior  by  the  segmental  duct  and   lined   by  flattened 

epithelium. 
B.-- Space  lined  by  granular  irregular  cells,  whioh  opens  into 

space  (A),  and  the  outer  part  of  which  is  in  contact  with 

the  body  wall. 
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C. — Space  lined  by  flattened  epithelium,  the  outer  part  of  which 
is  in  contact  with  the  body  wall. 

Labrum.  1. 

Palp.  2. 

Mandible.  3. 

Inner  or  first  maxilla.  4. 

Outer  or  second  maxilla.  5. 

Place  from  which  first  cirrus  has  been  removed.  6. 

Body  walL  b.w. 

Cubical    epithelium    lining    lower    portion   of    seg- 
mental duct.             '  c.e. 

Irregular  coelomio  spaces.  c.s. 

Irregular  connective  tissue  filling  up  the  spaces  be- 
tween the  various  organs  of  the  body.  c.t. 

Mouth  of  segmental  duct.  d.u. 

External  cuticle  covering  body  wall.  e.c. 

Flattened  epithelium  lining  space  (A).  e.s. 

Flattened  epithelium  lining  upper  part  of  segmental 

duct.  f.p. 

Granular  cells  lining  organ  opening  to  space  (A).  g.c. 

Large  gland  situated  in  the  outer  maxijlae,  with  no 
communication  with  the  space  (A),  or  segmental 

duct.  g.l. 

Cuticle  lining  the  segmental  duct  and  continuous 

with  that  covering  the  body  wall.  i.e. 

Muscles  cut  longitudinally.  l.m. 

Wall  of  mantle  cavity  in  which  body  of  the  animal  lies  ui.w. 

Oesophagus  cut  transversely.  oes. 

Muscles  cut  obliquely.  o.m. 

Panoreatio  duct  passing  from  the  pancreatic  gland  to 

the  alimentary  canal.  p.d. 

Pancreatic  gland.  p.g. 

Segmental  duct  passing  from   space  (A)  to  the  ex- 
terior, s.d. 

Segmental  funnel.  s.f. 

Supraoesophageal  nerve  ganglion.  sup.  oes. 

Muscles  out  transversely.  t.m. 

Nerves  out  transversely.  t.n. 

Tubular  prominence  at  base  of  second  maxilla  on 

which  the  segmental  duct  opens.  t.p. 
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Male  reproductive  organs.  t.s. 

Point  at  which  the  cuticle  lining  the  segmental  duct 

ends.  x. 

Point  at  which  the  granular  cells  lining  the  organ  (B) 
pass  into  the  flattened  epithelial  cells  lining 
(A.C.)  y. 

Organ  of  unknown  function.  z. 

Figure  1. — Mouth  parts  of  Ibla  quadrivalvis,  to  show  the  position 
of  the  tubular  prominences  (t.p.)  situated  at  the  base  of  the 
second  maxilla,  and  on  which  the  segmental  ducts  open. 
From  a  dissection. 

Figure  2. — Semidiagrammatic  section  through  the  body  to 
show  the  general  position  and  relation  of  the  parts  de- 
scribed in  the  text.  The  section  is  cut  somewhat  obliquely, 
showing  on  both  sides  the  opening  of  the  segmental  duct 
to  the  exterior,  and  on  one  side  the  glandular  organ(B),cutat 
the  place  where  it  is  most  fully  shown.  The  muscles  (l.m. 
and  o.m.)  are  shown  supporting  the  coelomic  spaces  (A).  On 
one  side  the  organ  of  unknown  function  is  shown  (z). 

Figure  3. — Semidiagrammatic  section  of  the  coelomic  spaces 
and  parts  related  to  them,  showing  the  character  of  the 
epithelium  lining  the  various  parts  mentioned  in  the  text. 
The  segmental  duct  is  lined  throughout  by  a  single  layer  of 
cells,  over  the  surface  of  which  passes  a  continuation  of  the 
cuticle  covering  the  external  surface  of  the  body. 

Figure  4. — Semidiagrammatic  section  showing  the  glandular 
organ  (B)  opening  into  space  (A). 

Figure  5. — Diagram  illustrating  the  parts  treated  in  the  text. 
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Art   IV. — Further  Descriptions   of  the   Tertiary 
Polyzoa   of   Victoria. 

Part   X. 

By    C.    M.    MAPLESTONE. 

(With  Plates  VII.,  VIII.). 
[Read  9th  April,  1908]. 

Crisia   acuta,   n.  sp.     (PI.  VII.,  Fig.  1). 

Zoarium  jointed,  convex  in  front ;  surface  glabrous,  with  linear 
punotations.  Zooecia  totally  immersed  and  undefined.  Thy- 
rostomes 0.33  to  0.40  mm.  apart,  round ;  peristome  slightly 
raised,  with  very  acute  spinous  process  above. 

Locality,  Cape  Otway  (J.  Dennant). 

A  single  small  specimen.  This  species  is  distinguished  from 
others  by  the  convexity  and  smoothness  of  the  front  surface  of 
the  zoarium,  the  undefined  zooecia ;  the  linear  punctation,  and 
the  very  acute  supra-oral  process. 

Idmonea  elongata,  n.  sp.     (PI.  VII.,  Fig.  2). 

Zoarium  branching,  0.5  mm.  broad-  Zooecia  in  alternate 
series  of  three,  1  to  2  mm.  long.  Distal  ends  turned  outwards; 
distance  between  thyrostomes  in  each  series  1  mm.,  but  some 
zooecia  in  the  central  portion  are  2  mm.  long. 

Locality,  Mitchell  River  (J.  Dennant). 

A  robust  species ;  it  differs  from  all  others  in  the  very  elon- 
gated zooecia. 

Idmonea   delicatissima.  n.  sp      (PI.  VII.,  Fig.  3). 

Zoarium  branching,  very  slender.  Zooecia  in  alternate  series 
of  two,  very  narrow,  0.05  mm.  wide,  slightly  rugose;  distal  ends 
exserted  about  0.1  to  0.15  mm.,  exserted  portion  quite  smooth. 
Thyrostomes  0.4  to  0.6  mm.  apart. 
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Locality,  Mitchell  River  (J.  Dennant). 

A  very  slender  delicate  species,  with  remarkably  small  zooecia. 

Idmonea  parvula,  n.  sp.    (PI.  VII.,  Fig.  4). 
Zoariuni  2.2  mm.  long,  0.8  wide,  with  a  narrow  selvedge.   Zooecia 
in  two  series  of  three,  immersed.    Thyrostomes  exserted,  0.3  mm. 
high ;  distance  between  series,  0.2  to  0.3  mm. 

Locality,  Mitchell  River  (J.  Dennant). 

A  single  specimen.  The  figure  shows  the  entire  zoarium,  and 
is  drawn  so  as  to  show  the  regular  disposition  of  the  zooecia  on 
one  aide,  and  a  lateral  view  of  the  exserted  thyrostomes  of  the 
zooecia  on  the  other  side  of  the  zoarium. 

Idmonea  concinna,  n.  sp.    (PI.  VII.,  Fig.  5). 
Zoarium  short,   2  mm.   long,   1.2   mm.   wide,   with  a  selvedge. 
Zooecia  in  two  series  of  four  to  six ;  distance  between  the  series 
0.2  to  0.3  mm.    Thyrostomes  connate,  exserted  about  0.2  mm. 

Locality,  Filter  Quarries  (T.  S.  Hall). 

This  is  a  very  short,  compact  form.  The  figure  shows  the 
complete  zoarium  and  is  drawn  so  as  to  show  the  regular  series 
of  connate  thyrostomes  on  one  side,  and  the  edge  shows  the 
lateral  view  of  the  other  series. 

Idmonea  angustata,  n.  sp.    (PI.  VII.,  Fig.  6). 
Zoarium   narrow,   branched.     Zooecia   0.05   mm.    wide,  in   two 
•eriee   of  four   to  five.     Thyrostomes   much   exserted,    distance 
between  each  series  0.3  to  0.45  mm.    Ooecium    tumid,  overlying 
the  zooecia,  situated  below  a  bifurcation. 

Locality,  Filter  Quarries  (T.  S.  Hall). 

This  is  a  very  distinct  form,  the  zooecia  are  very  narrow  and 
vwry  regularly  disposed. 

Idmonea  uniseriata,  n.  sp.    (PI.  VII.,  Fig.  7). 

JSnarium  branching.  Zooecia  large,  in  single  series,  0.2  mm. 
wiiU\  1,5  nun.  long.     Thyrostomes  0.5  to  1  mm.  apart. 

Loiwlity,  Mitchell  River  (J.  Dennant). 

ThU  •ptvie*  is  peculiar  in  that  there  is  only  a  single  series  of 
*\hi*ma.  It  may  possibly  be  separated  generically  from  Idmonea^ 
\\\\\  \\\*  character  of  its  growth  seems  to  be  Idmonean,  though 
iW  »orii*  of  zooecia  are  single. 
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Idmonea  momingtoniensis,  n.  sp.     (PI.  VII.,  Fig.  8.) 

Zoarium  ligulate,  broad.  Zooecia  in  a  more  or  less  regular  series 
of  two,  three  or  four,  diverging  from  the  central  line  ;  distal 
part  curved  forwards ;  length  of  zooecia  0.3  to  0.4  mm. ; 
width,  0.07  to  0.17.    Thyrostome  0.05  to  0.1  mm.  in  diameter. 

Locality,  Mornington  (T.  S,  Hall). 

This  species  is  near  J.  lata,  McG.,  but  there  are  fewer  zooecia 
in  each  row,  and  they  are  only  about  half  the  size,  and  not  so 
connate  as  in  that  species. 

Filisparsa   concinna,  u.  sp.     (PI.  VII.,  Fig.  9). 

Zoarium  branching,  0.6  mm.  wide.  Zooecia  in  quincunx  order, 
immersed,  with  long  tubular  peristomes,  0.2  to  0.4  mm.  long, 
the  immersed  portion  of  the  zooecia  with  a  flat  surface  and 
raised  margins. 

Locality,  Aire  Coastal  beds  (Messrs.  Hall  and  Pritchard). 

This  is  a  very  peculiar  form.  I  have  placed  it  in  Filisjmrsa, 
as  the  zooecia  are  irregularly  arranged  on  the  whole;  in  the 
central  portion  of  the  zoarium  they  are  all  in  fairly  regular 
quincunx  order,  but  the  marginal  zooecia  are  very  irregular, 
and  the  distal  portion  protrudes  at  almost  a  right  angle  to  the 
surface,  to  a  distance  of  0.2  to  0.4  mm.  The  peristomes  of 
the  central  zooecia  are  evidently  imperfect.  The  margins  of  the 
immersed  portion  of  the  zooecia  are  raised,  forming  ridges,  which 
is  a  very  peculiar  characteristic,  and  not  present  in  any  other 
species  of  the  genus. 

(?)    Diastopora  dennanti,  n.  sp.     (PI.  VII.,  Fig.   10). 

Zoarium  broadly  ligulate,  surface  nearly  flat.  Zooecia  immersed, 
very  slightly  exserted  at  distal  end.  Thyrostomes  transversely 
elliptical,  0.15  mm.  broad,  with  a  small  lenticular  cavity  just 
inside  the  proximal  margin.  Thyrnstomes  0.2  mm.  apart,  but 
the  zooecia  are  in  quincunx  order,  and  are  probably  0.5  mm. 
long. 

Locality,  Mitchell  River  (J.  Dennant). 

This  is  a  very  peculiar  form,  as  it  shows  a  lenticular  cavity 
just  within  the  proximal  margin  of  the  thyrostome,  which  may 
indicate  the  locality  of  an  avicularium ;  though  so  far  as  I  know 
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such  an  organ  haa  not  hitherto  been  found  in  a  similar  position 
in  any  allied  form  of  Cyolostomata.  I  have  placed  it  provision- 
ally in  Diastopora,  but  it  probably,  on  account  of  the  peculiar 
lenticular  cavity,  will  require  a  new  genus  (if  not  family)  for  its 
reception.  I  have  named  this  species  after  the  late  John 
Dennant,  from  whom  I  received  the  material  from  which  it  and 
many  other  new  species  were  obtained. 

Tubulipora  margaritacea,  n.  sp.     PL  VIII.,  Fig.  11). 
Zoarium  small,  ligulate,  2  mm.  long;  0.8  wide.     Zooecia  cylin- 
drical, partly  immersed.     Thyrostome  tubular,  exserted  ;  surface 
slightly  rugose,  but  porcellanous.     Length  of  zooecia^  0.3  to  0.9 
mm. ;  diameter,  0.18  to  0.15  mm. 

Locality,  Clifton  Bank,  Muddy  Creek  (T.  S.  Hall). 

A  single  specimen,  noticeable  on  account  of  the  shining 
porcellanous  surface.  This  genus  has  not  hitherto  been  re- 
corded from  our  Tertiary  strata. 

Tubulipora   minuta,  n.  sp.     (PI.  VIII.,  Fig.  12). 
Zoarium  small,  1.5  mm.  long ;  0.6  mm.  wide,  ligulate.     Zooecia 
very  small,  immersed.     Thyrostomes  0.05  in  diameter,  exserted 
0.1   to   0.25   mm.     Ooecia   inflated,   embracing   many  zooecia; 
surface  granulated. 

Locality,  Mitchell  River  (J.  Dennant). 

A  single  specimen.  Zooecia  totally  immersed,  with  the  tubular 
orifices  projecting  at  nearly  right  angles  to  the  surface. 

Reticulipora  airensis,  n.  ap.  (PI.  VIII.,  Fig.  13). 
Zoarium  reticulate ;  branches  subtriangular  in  section,  upper 
portion  sublineate,  showing  the  edges  of  the  two  zoarial  laminae. 
Zooecia  on  both  sides  of  the  branches,  elongated,  somewhat 
flattened  on  the  surface.  Thyrostomes  disposed  in  a  more  or 
less  regular  transverse  series  of  five  to  seven.  Length  of  zooecia 
0.3  to  1  mm. ;  breadth,  0.1  to  0.15  mm. 

Locality,  Aire  Coastal  beds  (Messrs.  Hall  and  Pritchard). 

The  specimens  are  very  fragmentary,  but  show  that  the 
fenestrae  are  more  or  less  angular,  quadrate  or  diamond-shaped. 

This  species  in  appearance  is  very  similar  to  Crisiita  (Rete- 
crisina)  obliqua,  D'Orbigny,  as  described  and  figured  by  Dr. 
Gregory  in   his   "  Catalogue  of  the  Cretaceous  Bryozoa   in   the 
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British  Museum,"  vol.  i.,  p.  178,  pi.  viii.,  figs.  8  and  9,  but  it  is  a 
very  much  smaller  form,  the  zooecia  are  not  half  the  width,  and 
they  are  not  half  so  numerous  in  the  series,  nor  so  regularly 
disposed.  It  is  also  similar  to  R.  transennata  Waters  (Q.J.G.S., 
vol.  xl.,  p.  689),  but  the  zooecia  are  fewer  in  series  and  clearly 
defined,  not,  as  in  that  species,  totally  immersed  with  the 
apertures  only  exserted,  and  there  are  no  small  tubular  open- 
ings, as  in  R.  transennata. 

Storpatopora  gippslandii,  n.  sp.     (PL  VIII.,  Fig.  14). 
Zoarium  adherent.    Zooecia  in  single  or  double  series,  somewhat 
rugose,  distal  part  slightly  exserted  ;  peristome  elevated.  Length 
of  zooecia  0.5  to  0.7  mm. ;  width,  0.25  to  0.35  mm. 

Locality,  Mitchell  River  (J.  Dennant). 

A  small  fragment  on  the  interior  of  a  bivalve  shell ;  it  is 
near  S.  granulata  (M.  Edwards),  but  the  zooecia  are  very  much 
shorter. 

Spiropora   minuta,  n.  sp.    (PI.  VIII.,  Fig.  15). 
Zoarium  slender,   branching.      Zooecia   small,   0.2  to   0.4   mm. 
long,  0.07  to  0.1   mm.   wide;    distal  part  slightly   curved  out- 
wards :  regularly  disposed. 

Locality,  Mitchell  River  (J.  Dennant). 

This  is  a  very  neat,  small-celled  species,  and  a  great  contrast 
to  that  next  described. 

Spiropora  gigantea,  n.  sp.     (PI.  VIII.,  Fig.  16). 
Zoarium  very  robust,  branching.     Zooecia  large,  0.6  to  0.9  mm. 
long;    0.15   to   0.25   mm.    wide;    distal  part   curved    outwards. 
Thyrostome  contracted,  with  an  annular  peristome. 

Locality,  Waurn  Ponds  (T.  S.  Hall). 

This  is  a  remarkably  robust  species,  the  zooecia  being,  com- 
paratively speaking,  enormous  (the  magnification  of  the  figure 
is  only  about  one-half  that  of  the  figure  of  S.  minuta).  At  the 
base  of  three  zooecia  are  three  hemispherical  processes,  the  func- 
tion of  which  is  problematical. 

Entalophora  sparsa,  n.  sp.    (PI.  VIIL,  Fig  17). 
Zoarium  branched.     Zooecia  undefined,  sparsely  and  irregularly 
disposed;  distal  portion  turned  outwards.     Thyrostomes  0.3  to 
0.8  mm.  apart. 
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5 — Idmonea  concinna.      x  48/2. 

6 — Idmonea  angustata.      x  48/2. 

7 — Idmonea  uniseriata.      x  48/2. 
.   8 — Idmonea  morningtoniensis.      x  48/2. 

9 — Filisparsa  concinna.      x  48/2. 
10 — V  Diastopora  dennanti.      x  48/2. 
10a-?  Diastopora  dennanti.     Thyrostome. 
11 — Tubulipora  margaritacea.      x  48/2. 
12— Tubulipora  rainuta.      x  48/2. 
13 — Reticulipora  air  en  sis.      x  48/2. 
14 — Stomatopora  gippslandii.      x  48/2. 
15 — Spiropora  minuta.      x  48/4. 
16—  Spiropura  glgantea.      x  26/2. 
17 — Entalophora  sparsa.      x  48/2. 
18 — Entalophora  quadrata.      x  48/2. 
19 — Entalophora  airensis.      x  48/2. 
20 — Berenicea  nitida.      x  26/2. 


100/2. 


[Pboc.  Rot.  Soo.  Victoria,  21  (N.S.),  Pt.  I.,  1908.] 

Art.   V. — The   Cherts  and  Diabase  Rocks  of  Tatoiig. 

By    H.    S.    SUMMERS,    M.Sc. 

(Geological  Laboratory,  Melbourne  University.) 

(With  Plate  IX.). 

[Read  9th  April,  1908]. 

In  Vol.  I.,  part  4  (1907)  of  the  Records  of  the  Geological 
Survey,  Mr.  A.  M.  Howitt  briefly  describes  a  series  of  cherts 
with  associated  hornblendio  dyke  occurring  about  a  mile  to  the 
south-east  of  Tatong  township.  From  the  similarity  of  these 
rocks  to  the  cherts  of  Heathcote,  Mr.  Howitt  concludes  that 
they  probably  belong  to  the  Heathcotian  series  described  by 
Professor  Gregory^1) 

In  December,  1905,  I  accompanied  members  of  the  Benalla- 
Tolmie  Railway  League  from  Renalla  to  Tolmie  via  Tatong  and 
Spring  Creek,  and  in  a  brief  report  in  the  "  Benalla  Standard  " 
of  the  geological  features  along  the  proposed  route,  I  recorded 
the  presence  of  a  large  area  of  diabasic  rocks  near  the  junction 
of  the  Hollands  Branch  of  the  Broken  River,  and  one  of  its 
tributaries,  Spring  Creek.  Cherty  rocks  were  found  associated 
with  the  diabase,  and  the  general  lithologioal  character  of  the 
series  showed  that  they  p/esented  strong  resemblances  to  the 
Heathcote  rocks,  and  consequently  they  were  recorded  as  being 
probably  of  Heathcotian  age,  that  is,  of  pre-Ordovician  age. 

On  further  investigation,  however,  no  sharp  junction  could  be 
found  between  the  cherty  series,  and  the  less  altered  sedimen- 
tary rocks  with  which,  in  Mr.  Howitt's  map,  they  are  shown  in 
contact,  and  one  is  forced  to  the  belief  that  the  two  form  only 
a  single  series  in  which  a  gradually  increasing  metamorphism 
can  be  noticed  as  the  diabases  are  approached,  the  cherts  re- 
presenting the  extreme  stage  of  such  alteration. 

I  Proc.  Roy.  Soo.  Victoria,  vol.  x\\  (N.S.X  pt  ii.  (1903),  p.  148. 
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The  Diabases. 

The  largest  area  of  diabase  occurs  to  the  east  and  north-east 
of  Mt.  Samaria,  the  highest  point  in  the  district.  This  area 
is  shown  on  the  Geological  Map  of  Victoria  as  belonging  to  the 
older  volcanic  series,  but  is  entirely  distinct  from  these  rocks, 
both  in  structure  and  occurrence.  The  diabase  runs  in  a  north- 
westerly direction  from  a  point  about  four  miles  north-west  of 
Hat  Hill,  and  forms  a  high  ridge  along  the  western  side  of  the 
Holland's  valley.  This  ridge  rises  to  a  height  of  2700  ft., 
above  sea  level,  and  is  capped  in  places  by  a  conglomerate  con- 
sisting mainly  of  pebbles  of  quartz  and  quartzite  in  a  siliceous 
cement. 

For  some  distance  the  Holland's  Branch  marks  the  junction 
between  the  diabase  and  the  Devonian  porphyry,  but  near  M. 
Ford's  allotment  the  river  takes  a  fairly  sharp  turn  to  the 
west,  and  cuts  across  the  diabase  and  the  continuation  of  the 
ridge  extends  into  the  Parish  of  Toombullup,  forming  Bunning 
Hill.  The  upper  portion  of  Spring  Creek  runs  along  the  western 
boundary  of  the  diabase,  but  near  the  junction  of  Spring  Creek 
and  the  Holland's  Branch  the  diabase  crosses  the  creek  valley 
and  forms  portions  of  the  northern  end  of  Blue  Range,  and 
extends  through  this  ridge  into  the  valley  of  Samaria  Creek. 

On  the  other  side  of  Samaria  Creek,  and  only  separated  from 
the  main  mass  by  alluvial  Hats,  are  a  series  of  low  hills  of 
diabasio  rocks,  which  occupy  portions  of  allotments  65,  66,  70, 
71,  72  and  73,  Parish  of  Moorngag. 

Further  to  the  north,  in  allotments  41,  42,  43,  44  and  45,  dia- 
basio rocks  form  a  ridge  running  in  a  north-easterly  direction, 
the  northern  extension  being  overlain  by  cherty  rocks. 

The  Cherts. 

In  the  larger  area  of  diabase  numerous  patches  of  meta- 
morphic  rocks  are  found,  but  these  seem  to  be  detached  blocks 
resting  on  the  surface  of  the  igneous  rocks,  and  are  not  defi- 
nitely in  situ,  so  that  their  relationship  to  the  diabases  is 
extremely  obscure.  They  consist  partly  of  chert,  but  are  more 
chaleedonic  than  in  the  other  areas.  Jasperoid  rocks  and  silici- 
fied  diabase  arc  also  common. 

w 
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At  the  southern  end  of  allotment  69,  Parish  of  Moorngag,  and 
overlooking  Samaria  Creek  valley,  is  a  splendid  outcrop  of 
metamorphic  rock*.  These  rocks  are  mainly  grey  and  white 
cherts,  in  which  the  silicification  has  not  been  quite  so  intense 
as  in  other  localities.  Hie  bedding  is  very  distinct,  and  as  the 
beds  are  exposed  in  an  almost  vertical  face  nearly  40  ft.  high, 
the  dip  and  strike  are  easily  obtainable.  The  strike  of  the 
beds  is  X.  70  deg.  W.,  and  the  dip  X.  20  deg.  E.,  at  an  angle 
varying  between  35  deg.  and  40  deg. 

Proceeding  up  the  hill  above  these  beds  one  passes  over  lees 
silicified  beds  until  at  the  top  of  the  rise  micaceous  sandstones 
and  indurated  shales,  which  are  no  more  altered  than  the 
ordinary  Ordovician  and  Silurian  sediments  found  in  the  neigh- 
bourhood of  igneous  rocks,  seem  to  overlie  the  cherts  perfectly 
conformably,  the  strike  and  dip  of  these  beds  being  almost  iden- 
tical with  that  seen  in  the  cherts. 

In  allotment  68  we  have  more  evidence  that  the  cherts  and 
sandstones  form  one  series.  Near  the  southern  fence  of  this 
block  beds  of  micaceous  sandstones  are  exposed,  and  they  are 
seen  to  be  almost  vertical  and  to  strike  X.  30  deg.  E.  Twenty- 
two  yards  to  the  south  of  the  sandstones  are  beds  of  cherts 
which  agree  exactly  both  in  strike  and  dip  with  the  sandstones. 
About  100  yds.  still  further  to  the  south,  in  allotment  67, 
more  sandstones  are  found.  These  beds  are  also  nearly  vertical, 
and  the  strike  is  X.  25  deg.  E.  There  seems  little  doubt,  there- 
fore, that  at  this  point  the  cherts  and  sandstones  are  inter- 
bedded,  and  consequently  belong  to  the  same  horizon. 

On  Mr.  Howitt's  sketch  map  a  sharp  junction  is  shown  be- 
tween the  Heathcotian  (?)  cherts  and  beds  marked  in  as  of 
Silurian  age.  These  so-called  Silurian  beds  at  tirst  sight  seem 
entirely  distinct  from  the  chert y  rocks,  typical  specimens  from 
the  two  series  showing  no  similarity  to  one  another.  As  Mr. 
Howitt's  time  was  extremely  limited,  he  had  no  opportunity 
to  examine  the  junction,  as  shown  on  the  map,  and  consequently 
sketched  in  an  approximate  boundary  between  the  two  types  of 
sediments.  When  one  comes  to  examine  the  rocks  near  the 
supposed  junction,  it  is  found  impossible  to  separate  the  two 
series,  as  they  merge  irradually  into  one  another.  Passing  from 
the  fairly  normal  sediments,  which  consist  of  shales  and  sand- 
stones, the  shales  being  much  more  in  evidence  than  the  sand- 
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stones,  we  oome  to  more  indurated  shales,  and  moving  on  to- 
wards the  metamorphic  area  the  shales  show  more  and  more 
silicification,  until  they  ultimately  pass  into  undoubted  cherts. 
The  sandstones  do  not  show  the  same  amount  of  alteration,  but 
become  more  micaceous.  It  must  be  stated  that  the  evidence 
in  this  area  is  not  as  satisfactory  as  one  could  wish,  because 
the  surface  is  covered  with  soil,  and  the  nature  of  the  under- 
lying rock  can  only  be  judged  by  the  fragmentary  material  on 
the  surface. 

About  three  miles  north  of  Tatong  township  a  triangular 
area  of  silurian  rocks  is  shown  in  Mr.  Howitt's  map.  The  rocks 
in  this  area  consist  of  sandstones,  quartzite,  slates,  together  with 
bands  of  what  may  be  termed  chertified  slates.  These  beds  are 
intensely  indurated,  but  the  silicification  is  not  quite  as  far 
advanced  as  in  the  case  of  the  typical  cherts,  and  I  think  they 
undoubtedly  represent  an  intermediate  stage  between  the  cherts 
and  normal  slates. 

Relation  of  the  Rocks  in  the  Area. 

In  the  area  under  consideration  the  following  palaeozoic  rocks 
have  been  recorded: — Heathcotian  (?),  Upper  Ordovician,  Sil- 
urian, Lower  Devonian  porphyries  and  Upper  Devonian  conglo- 
merates, while  to  the  south-east  are  the  Carboniferous  sand- 
stones of  Mansfield. 

The  age  ascribed  to  the  porphyries  seems  correct,  as  they  are 
intrusive  into  the  Silurian  in  the  Broken  River  valley,  and  are 
overlain  to  the  south-east  by  the  Lower  Carboniferous  sand- 
stones. Flanking  the  porphyries,  and  apparently  resting  on 
them,  are  beds  of  conglomerate,  which  the  Survey  have  recorded 
as  of  Upper  Devonian  age.  These  conglomerates  consist  of 
rounded  pebbles  of  quartzite,  with  occasional  fragments  of  chert, 
and  where  the  conglomerate  occurs  near  the  diabase,  numerous 
diabasic  pebbles  are  found.  There  is  an  entire  absence  of 
porphyry  pebbles  in  the  conglomerate,  even  where  the  conglo- 
merate is  directly  in  contact  with  the  porphyry.  In  the  bed  of 
the  Holland's,  about  half  a  mile  below  Dodd's  Crossing,  the 
porphyry  is  clearly  seen  intrusive  into  the  conglomerate,  so 
that  the  conglomerate  beds  are  older  than  the  porphyry,  and 
therefore  are  probably  of  Silurian  age.    If  further  evidence  were 
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required  to  prove  their  pre-Deronian  age,  it  would  be  furniahed 
by  :he  character  of  the  pebbles,  many  of  which  show  dimples 
caused  by  intense  pressure  of  one  pebble  against  another  during 
earth  movements  If  the  beds  were  no:  in  existence  prior  to 
the  Devonian  earth  movements,  it  is  extremely  difficult  to  ex- 
plain the  dimpled  nature  of  the  pebbles,  as  there  is  no  evi- 
dence of  subsequent  folding  in  this  area.  The  conglomerate 
probably  formed  a  shore-line  deposit  in  the  Silurian  sea.  and  is 
part  of  the  same  series  as  the  Silurian  conglon:e  rites  near  Mansfield. 
The  cherts  were  altered  prior  to  the  format  ion  of  this  con- 
glomerate, as  fragments  f  both  chert  and  diabase  are found  in  the 
crrsgComerate,  and.  farther.  :he  conglomerate  rests  uncomfortably 
or.  the  up-turned  edge  of  the  sa nistor.es  and  shales  of  the  trian- 
gular patch  already  referred  to.  Vlng  about  three  mile*  north 
of  Tit.  ng.  TTiis  Area  is  mapped  as  ;f  Silurian  age,  but  a  note 
on  Mr.  Howitts  :uap  states  that  the  boundaries  between  the 
Silurian  and  Ordovician  beds  havr  no:  been  iedrsed.  If  the 
Silurian  ag*  of  the  cone:  tuerate*  be  accepted,  these  beds  would 
seem  to  be  not  younger  than  Upper  Ore.  vie: an.  as  there  is  a  biff 
unconformity  between  the  two.  "R*e  congl.-merat*  is  found  in 
parts  direct "y  rv>;i  ^  or.  tl.t-  so::dst. -r.r  i\  i  v'rr:  r*ds.  The 
cherts  and  diabase*,  therefore,  are  of  pre-Silurian  age,  and  the 
ev.dcr.ee  :r.  this  area  >  irts  t  the  age  beinr  Upper  Ordcviciaiu 
rather  than  rrtMVdov-.j.Ar..  The  evder.oe  *.s  to  aje  is  scanty, 
as  n.  fossils  et  any  description  have  been  f^uxd  in  the  Tatong 
a  re-v  a : .  d  t  \  ■  :  \  *\  r-.  >:  f .  *>s: .  i  ft  -■  »u  s  "  ■<  -d  >  a  r-  <oro  r  ■  .r.s?a  nee  to  the 
n.«:t.  -~.v>:. 

At  Ed.  and  Myrrh**.  t.»  the  east  ;i:  d  :.orth-^.st  ;:  the  cherty 
arv.  .  rraptol.es  have  bees  tV.ir.d  :n  thi  beds  c.  ..taining  the  tur- 
cuo.se  iitov.ts  The*?  :\«sils  *vr;  >uV::..tt«*i  ly  the  Mines 
TV-part u:ens  :  Mr  Hall,  v.d  alt":.  *u^h  they  were  poorly  pre- 
served, he  *-as  able  to  identify  su:uo.e:.t  ^nera  to  show  that 
they  "*ere  al:v..>st  oort  .::  1\  . :  V:\vr  Ordov-..-  ar.  age.  To  the 
northwest,  a:  the  Roof  11  lis.  Her.  alia,  sa.ndst.nes  have  yielded 
f;<s>  Is  f  v.l.or:*:  a^\  ,*.rd  :-  the  s:  :::.-*  est  are  the  Silurian 
sa : .  d >  t  v.-o*s  a r.  d  1     .  e>  *  o  r  o>  of  1 .  v  > .  1  a  a : .  d  t  h -;■  V.  ar.sn  *  1  i  area. 

Mr.  He*-.:;  has  recorded  the  scr.ke  of  the  •.Tdov^-ian  beds  as 
be.r^:  N  40  dec.  \Y  .  Ard  that  of  t-h**  *..;vau:;rrh:o  rocks  as  N. 
oo    iec   W.     The  s:r  ke  of  the  boos  .r  the  area  rcrth  of  Tatong 
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is  N.  40  deg.  W.  Unfortunately  these  strikes  are  in  areas  fairly 
widely  separated  from  one  another,  and  so  have  not  much  signi- 
ficance; still  they  certainly  show  no  evidence  of  unconformity 
between  the  Ordovician  and  the  cherty  series.  In  this  area, 
therefore,  the  most  natural  position  in  which  to  place  the  cherts 
is  the  Upper  Ordovician,  what  little  evidence  of  age  there  is  re- 
corded being  in  favour  of  this  view,  and  it  is  only  com- 
parison with  the  Heathoote  district  that  makes  one  consider 
the  possibility  of  the  cherts  belonging  to  the  pre-Ordovician. 

The  relation  of  the  cherts  to  the  diabase  is  difficult  to  deter- 
mine, as  there  is  no  exposure  of  any  sharp  junction  between  the 
two,  the  whole  surface  being  generally  covered  with  rich  diabasio 
soil.  Mr.  Howitt  recorded  a  hornblendic  dyke  traversing  the 
oherts,  so  that  if  this  dyke  be  connected  with  the  diabases,  the 
cherts  must  be  the  older  series. 

In  general  the  metamorphism  of  the  sediments  seems  to  in- 
crease towards  the  contact,  but  exceptions  to  this  rule  may  be 
observed. 

In  allotment  6,  Parish  of  Toombullup  North,  is  an  occur- 
rence of  Selwynite  similar  to  that  obtained  from  Heathcote; 
but  its  relation  to  the  other  rocks  is  obscure,  as  it  is  sur- 
rounded by  alluvial  material.  This  is  of  considerable  interest, 
as  it  serves  as  a  link  to  connect  up  the  Tatong  area  with  the 
Heathcote  area. 

Petrology  of  the  Rocks. 

As  I  have  had  no  opportunity  yet  of  sectioning  and  examin- 
ing the  rooks  of  this  district  microscopically,  the  petrological 
description  of  the  igneous  and  metamorphio  rooks  must  be 
deferred  until  some  future  time. 

Conclusions. 
In  the  Tatong  area  the  cherty  series  are  interbedded  with 
fairly  normal  sediments,  and  there  is  a  gradual  passage  from 
normal  sediments  through  all  stages  into  cherts.  This  means 
that  if  the  Tatong  and  Heathcote  series  are  contemporaneous, 
then  wo  must  include  in  the  Heathcotian,  normal  sediments  as 
well  as  cherts  and  diabases.  If  this  be  accepted,  then  the  dis- 
tinctive characteristics  of  the  Heathcotian  series  lose  their  full 
significance,  and  it  becomes  extremely  difficult,  if  not  impossible, 
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to  separate  them  from  the  Ordovician  and  Silurian  rocks  unless 
fossils  are  obtained,  and  the  question  of  the  pre-Ordovician 
age  of  the  series  is  called  into  question. 

So  far,  however,  there  is  no  proof  except  the  lithological 
character  of  the  cherts  to  show  that  they  should  be  considered 
as  belonging  to  the  same  horizon,  ike  evidence  of  the  intrusion 
of  the  diabase  into  the  oherts  is  poor,  and  it  is  possible  that 
the  various  occurrences  of  diabases  may  be  contemporaneous, 
and  that  the  cherty  rocks  are  post-diabase  and  not  necessarily 
of  the  same  age  as  one  another,  and  consequently  the  cherts 
may  be  pre-Ordovician  in  the  Heathcote  area,  and  Upper 
Ordovician  in  the  Tatong  area. 


EXPLANATION    OF    PLATE    IX. 
Fig.  I. — Sketch  Map  of  the  Tatong  District. 
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[Proc.  Roy.  Soc.  Victoria,  21  (N.S.),  Pt.  I.,  1906.] 

Art.  VI. — Note  on  an  Abnormal  Development  on  Leaves 
of  Prunus  cevamis. 

By    BERTHA    REES 

(Melbourne  University). 

(With  Plate  X.). 

[Read  7th  May,  19081. 

(Communicated  by  Prof.  A.  J.  Ewart,  D.Sc,  Ph.D.). 

The  leaves  in  question  were  found  by  Mr.  C.  French,  junr.,  on 
trees  grown  in  an  orchard  in  South  Gippsland.  The  form  of 
growth  was  peculiar,  and  had  the  appearance  of  small  leaflets 
developed  on  the  under  surface  of  the  large  leaves.  (Fig.  1.) 
No  such  abnormality  had  been  previously  recorded,  and  conse- 
quently it  was  of  interest  to  note  the  relative  positions  of  the 
tissues  in  leaf  and  leaflet,  and  further  to  determine  whether  the 
orientation  of  the  leaflet  depended  on  the  arrangement  in  the 
main  leaf,  or  on  light  or  gravity. 

However,  microscopic  examination  of  serial  sections  (obtained 
by  paraffin  embedding)  showed  :  — 

1.  That  the  palisade  parenchyma  was  developed  on  the  lower 

surface  of  the  leaflet  (i.e.,  on  the  side  away  from  the 
larger  leaf),  so  at  first  sight  it  appeared  that  the  posi- 
tions in  the  two  did  not  correspond.     (Fig.  2.) 

2.  That   the  relative  positions   of  the  phloem  and   xylem 

were  also  reversed  in  the  same  way  as  was  the  paren- 
chyma.    (Fig.  2.) 

3.  That   there  was   no   vascular  bundle  running  down   the 

centre  of  the  leaflet,  as  might  have  been  expected,  also 
that  the  veins  were  continuous  with  those  of  the  main 
leaf.     (Fig.  2.) 

4.  That,  the  two  longitudinal  halves  of  the  apparent  leaflet 

were  connected  in  some  instances  by  epidermis  only, 
and  in  others  by  epidermis  and  a  small  amount  of 
parenchyma.     (Fig.  2.) 
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The  above  facts  led  me  to  believe  that  the  leaflet  was  not  an 
actual  outgrowth,  but  was  due  to  an  attempt  on  the  part  of  the 
plant  to  produce  pinnately-lobed  leaves. 

Pluskel  has  already  recorded  the  fact  .that  "the  leaves  of 
Prunu8  cerasus  sometimes,  though  seldom,  show  pinnately 
divided  or  lobed  laminae."1 

In  the  present  instance  this  view  was  supported  by  the  fact 
that  the  growths  appeared  in  between  the  veins,  where  the  leaf 
would  begin  to  segment,  also  that  the  different  stages  in  the  de- 
velopment could  be  traced  on  the  various  leaves.  Thus  in  Fig. 
1  at  (a)  the  margin  is  only  slightly  split,  and  the  edges  recurved, 
at  (6)  and  (c)  the  continuation  of  the  margin  of  the  leaf  can  be 
distinctly  traced  into  the  leaflet,  while  at  (d)  the  main  leaf  has 
completely  fused  again  above  the  segmentation. 

The  explanation  probably  is,  that  during  development  the 
leaves  became  slightly  lobed,  and  while  the  margins  were  still 
recurved  a  partial  fusion  took  place  at  the  points  of  contact 
between  adjacent  lobes,  or  in  some  cases  a  complete  fusion  in 
the  laminae  outside  the  recurved  edges ;  as  a  result  the  edges 
remained  free  on  the  under  surfaces  of  the  leaves  and  formed 
apparent  leaflets. 

Such  an  explanation  would  account  not  only  for  the  position  of 
parts  and  arrangement  of  bundles  in  the  main  leaf  and  append- 
age, but  also  for  the  incomplete  nature  of  the  connection  between 
the  two  halves  of  the  apparent  leaflets. 

The  foregoing  investigation  was  carried  out  in  the  Botanical 
Laboratory  of  the  Melbourne  University,  and  I  desire  to  record 
my  indebtedness  to  Professor  Ewart  for  his  interest  and  assist- 
ance. 

EXPLANATION  OF  PLATE   X. 

Fig.    1. — Ventral   surface   of   leaf   of   Prunus   cerasus,    showing 

position  of  appendages. 
Fig.  2. — Transverse  section  through  leaf  and  appendage. 

Reference  Letters. 
a-d. — Partially  to  fully-developed  appendages. 
e. — Main  leaf. 
f. — Appendag  e. 
g. — Bundle  turning  into  appendage.  

1  Oesterr.  Bot,  Wochenbl.  iv\,  1854,  p.  125. 
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exist,  only  indifferent  pack-tracks  are  available,  and  sometimes 
not  even  these. 

The  Macallister  route  is  the  only  one  familiar  to  the  writer, 
for,  as  it  provides  the  readiest  means  of  approaching  Mt.  Wel- 
lington, it  has  always  been  adopted.  Heyfield  is  the  nearest 
railway  town,  and  thence  the  road  is  followed  to  Glenmaggie, 
about  eight  miles  distant.  These  two  places  afford  opportunities 
for  obtaining  provisions,  and  a  supply  sufficient  to  last  till  the 
return  must  be  taken,  for  the  district  is  almost  unsettled. 

Mt.  Wellington  can  be  reached  with  pack  horses  in  about 
three  days  from  Heyfield,  and  the  Serpentine  area  in  about  two 
from  the  same  place.  The  Macallister  is  followed  as  far  as  its 
junction  with  a  tributary,  the  Wellington  river,  then  the  latter 
valley  as  far  as  the  western  foot  of  Mt.  Wellington.  At  the 
Barrier  Creek  junction  a  blazed  cattle  track  follows  a  long  spur* 
which  leads  up  to  the  Wellington  snow-plain. 

HI. — Previous  Literature. 

The  geological  literature  dealing  with  this  district  is  ex- 
tremely scanty.  More  than  thirty  years  ago  Mr.  R.  A.  F. 
Murray  made  a  flying  survey  of  this  portion  of  Gippsland,  and 
issued  a  report1  which  embodies  most  of  our  knowledge  of  the 
geology  of  the  region.  A  sketch  geological  map  was  also  pre- 
pared, embracing  the  country  as  far  north  as  a  line  running 
east  and  west  through  Mt.  Tamboritha.  The  whole  of  the 
Wellington  valley,  therefore,  comes  in  in  the  northern  portion 
of  the  sheet.  Though  some  portions  of  the  map  require  revision, 
it  is  nevertheless  a  most  useful  guide  to  travellers  in  this 
district.  Lake  Karng,  at  the  foot  of  Mt,  Wellington,  was  then 
unknown,  and  the  district  to  the  west  of  Mt.  Wellington  was  not 
closely  examined  by  Murray,  hence  he  missed  discovering  a  con- 
siderable inlier  of  upperordovician  rocks,  which  are  consequently 
not  shown  in  his  map.  He,  however,  observed  that  this  region 
would  probably  afford  geological  features  of  interest,  for  he  had 
been  informed  of  the  occurrence  of  serpentine  and  chrome-iron 
ore  in  that  locality. 

The  next  geologist  to  make  observations  on  the  district  was 
the  late  Dr.  A.  W.  Howitt,  who  many  years  after  Murray's  ex- 

1  R.  A.  F.  Murray.  Geological  Sketch  Map,  No.  2,  S.K.  Gipp&land;  and  report  in  Prog. 
Rep.  Geol.  Surv.  Vic,  No.  V.f  p.  44. 

R.  A.  F.  Murray.    Geology  and  Physical  Geography  of  Victoria,  1895. 


Serpentine   Area   and   Rhyolites.  251 

plorations,  made  several  excursions  to  examine  the  small  but  in- 
teresting mountain  lake,  now  known  as  Tali  Karnpr,  situated  in 
an  inaccessible  mountain  valley  on  the  western  flanks  of  Mt. 
Wellington.  The  lake  was  accidentally  discovered  in  1888  by  a 
the  lake  in  an  account  published  in  the  Mining  Department's 
stockman  "named  Snowden,  but  the  first  authentic  information 
was  due  to  Howitt.  who  discussed  the  question  of  the  origin  of 
Reports,  189 1.1  The  lake  is  due  to  a  huge  barrier,  but  Howitt 
was  not  able  to  satisfy  himself  as  to  whether  the  feature  was  to 
be  attributed  to  a  landslip  or  to  a  moraine.  The  ice  origin, 
however,  was  the  view  most  favoured. 

No  ideological  features  of  this  district  were  described,  but 
Snowy  Bluff,  in  the  Wonnangatta  valley,  and  to  the  north  of 
Wellington,  was  carefuly  examined  by  both  Murray  and  Howitt, 
who  showed  the  importance  and  interest  of  the  sections  exposed 
on  the  slopes  of  this  mountain.  This  area  is  better  approached 
from  the  Wonnangatta  side  than  from  the  Macallister  valley. 
It  was  the  interest  attached  to  the  origin  of  the  lake  which 
first  attracted  the  present  writer  to  the  Wellington  region. 
The  first  visit  was  made  in  January  of  1905,  and  observations 
on  the  origin  of  the  lake  were  published  in  the  Victorian 
Naturalist  of  the  same  year.2  The  landslip  origin  of  the  lake 
is  there  upheld.  During  the  tour,  however,  graptolite  slates 
were  noted  on  the  Wellington  river,  and  the  fossils  collected 
were  reported  on  by  Dr.  T.  S.  Hall,3  who  showed  that  they 
represented  the  upper  ordovician  series,  and  the  existence  of  a 
great  inlier  of  lower  palaeozoic  rocks  was  thus  established. 

The  serpentine  and  chromite  mentioned  by  Murray  were  also 
found  to  occur  close  at  hand,  in  the  slate  area.  An  interesting 
conglomerate,  composed  mainly  of  serpentine  boulders  in  a 
matrix  of  the  same  kind,  was  found  along  the  margin  of  the 
serpentine. 

The  peculiarities  of  this  occurrence  were  briefly  described 
by  the  writer,   in  a  previous  publication  of  this  society.4     The 

1  Dr.  A.  W.  Howitt.  Notes  on  Lake  Karng,  Rep.  Mining  Department  Vic  ,  Sept.  1891  p.  28. 

2  E.  O.  Thiele.  A  Trip  to  Lake  Karng  and  Mt.  Wellington,  N.  Gipimland  ;  Victorian 
Naturalist,  vol.  xxii.,  1905,  p.  22. 

3  T.  S.  Hall,  M.A.,  D.Sc.  Victorian  Graptolites,  part  iii.  From  near  Mt.  Wellington  ; 
Proc.  Roy.  Soc.  Victoria,  n.».,  vol.  x\  iii.,  part  i..  1905. 

4  E.  O.  Thiele.  On  a  Palaeozoic  Serpentine  Conglomerate.  N.  Gipjnland  ;  Proc.  Roy. 
Soc.  Victoria,  n.s.,  vol.  xviii.,  parti.,  1905. 
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possibility  of  the  glacial  origin  of  the  conglomerate  was  dis- 
cussed, but  the  question  was  left  an  open  one.  Later  observa- 
tions suggest  that  the  deposit  is  most  likely  due  to  ordinary 
aqueous  agency,  probably  a  shore  line  conglomerate.  The  scope 
for  further  enquiry,  however,  became  evident,  and  opportunities 
to  again  visit  the  area  were  waited  for.  These  were  Availed  of 
two  years  later,  when  an  extensive  three  weeks'  exploration  was 
planned  into  the  heart  of  the  little  known  region  north  of  Wel- 
lington, including,  on  the  return,  an  examination  of  the  serpen- 
tine area.  The  somewhat  travel-worn  condition  of  the  party  on 
arrival  at  this  locality  after  two  weeks'  rough  travelling,  to- 
gether with  depleted  stores,  somewhat  lessened  the  opportuni- 
ties relied  on  for  working  the  serpentine  area.  A  considerable 
quantity  of  material,  however,  was  collected  for  chemical  and 
petrological  examination.  A  fossiliferous  limestone  was  noted, 
containing  an  abundant  braohiopod,  identified  by  Mr.  Chapman 
as  Platy8trophia  biforata.  The  limestone  was  considered  as  re- 
presenting the  Yeringian  division  of  the  Silurian  series.  Strati- 
graphical  evidence  supporting  this,  however,  was  not  available. 
More  problems  were  really  raised  than  were  solved,  so  that  in  the 
following  year  a  third  visit  was  made.  This  time  heavy  rains 
and  Hooded  rivers  somewhat  impeded  observations,  but  as  more 
time  was  available  a  good  deal  of  additional  information  was 
collected.  Fresh  limestone  outcrops  were  examined,  and  at 
one  spot  abundant  but  fragmentary  trilobite  remains  were  dis- 
covered. The  relations  of  the  jasperoid  slates  to  the  more 
normal  graptolite  slate  was  worked  out,  but  the  complete 
stratigraphical  succession  was  rendered  somewhat  puzzling  by 
the  examination  by  Mr.  Chapman  of  the  trilobites  from  the 
limestone. 

About  the  middle  of  last  year  (1907),  the  occurrence  of  mas- 
sive corundum  was  reported  from  the  serpentine  area,  and  Mr. 
Dunn,  Director  of  the  Geological  Survey,  in  company  with  Pro- 
fessor Skeats,  of  the  Melbourne  University,  paid  a  flying  visit 
to  examine  the  occurrence,  the  first  of  its  kind  known  in  Vic- 
toria. Only  a  few  days  were  available  for  geological  observa- 
tions, which  were  further  limited  by  the  roughness  of  the 
country.  Both  gentlemen,  however,  were  impressed  with  the 
interest  and  complexity  of  the  geology.  An  account  of  Mr. 
Dunn's  observations  appeared   in   the  "Mining  Standard,"   Oct. 
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16,  1907.  The  official  report  is  not  yet  available.  Last  year 
some  opportunity  was  afforded  at  the  University  for  the  chem- 
ical and  penological  examination  of  some  of  the  rocks  and 
minerals  collected.  This  was  further  supplemented  by  some 
valuable  chemical  analyses  by  Mr.  G.  Ampt,  B.Sc,  who  formed 
one  of  the  party  on  the  1907  trip.  Mr.  Ampt's  analyses  were  con- 
ducted in  the  Chemical  laboratory  of  Melbourne  University 
This  year,  though  time  has  been  somewhat  limited,  some  fur- 
ther petrological  research  has  been  carried  out  in  the  Geological 
laboratory,  and  considerable  help  has  been  afforded  by  Professor 
Skeats,  whose  personal  knowledge  of  the  district  made  his 
advice  particularly  valuable. 

IV. — The  Serpentine  Area. 

(a)  Physiographical  features:  — 

The  lower  palaeozoio  area  covers  probably  40  or  50  square 
miles  to  the  west  of  Mt.  Wellington,  and  occupies  the  basin  of 
the  upper  Wellington  river.  A  large  basin  is  here  in  process  of 
formation.  The  crown  of  a  great  anticlinal  fold  of  the  over- 
lying upper  palaeozoic  rocks  has  been  denuded,  exposing  the 
underlying  slates.  These  have  yielded  to  denuding  agencies 
more  rapidly  than  the  overlying  sandstones  and  rhyolitic  lavas, 
so  that  the  slate  region  is  marked  by  a  great  immature  basin 
filled  with  lower,  but  still  precipitous,  hills,  surrounded  by  an 
amphitheatre  of  high  and  imposing  scarps  of  the  upper  palaeo- 
zoio rocks.  The  eastern  wall  rises  particularly  steeply  to  an 
elevation  of  over  5000ft.,  and  is  formed  of  a  great  pile  of  acid 
lavas  of  Mt.  Wellington.  The  basin  extends  northwards  to  the 
east  of  Tamboritha,  towards  the  headwaters  of  the  Wellington, 
and  southwards  to  a  transverse  east  and  west  ridge  joining 
the  Avon  and  Macallister  watersheds.  The  western  wall  is 
broken  by  the  gorge  through  which  the  Wellington  issues  to- 
wards the  Macallister. 

The  valleys  are  deeply  incised  into  the  slates,  and  are  the 
characteristic  narrow  V-shaped  mountain  valleys,  with  very 
restricted  alluvial  flats. 

Three  important  streams  drain  this  basin,  the  upper  Wel- 
lington and  two  tributaries.  The  central  one  is  the  Barrier 
Creek,  which  flows  from  the  springs  issuing  at  the  base  of  the 
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barrier  of  Lake  Karng.  The  northern  portion  is  drained  by  the 
head  waters  of  the  Wellington,  while  the  Dolodrook  drains  the 
southern.  The  valley  of  the  last  named  includes  a  minor  basin 
of  some  comparatively  open,  clear  country,  where  the  serpentine 
follows  the  river,  and  it  is  to  this  district  that  attention  is 
chiefly  directed. 

The  direction  and  distribution  of  the  original  streams  were 
undoubtedly  impressed  upon  the  country  before  the  covering  of 
upper  palaezoio  rocks  was  removed,  and  was  no  doubt  largely 
determined  by  structural  features  in  these  rocks,  for  the  rectan- 
gular dissection  which,  marks  the  drainage  system  of  the  upper 
palaeozoic  belt  can  still  be  recognised  in  this  area,  somewhat 
modified,  of  course,  by  later  action  of  the  differently  disposed 
lower  palaeozoic  rocks.  It  appears  probable  that  this  region 
represents  a  much  enlarged  and  diverted  portion  of  an  old  high- 
level,  north-and-south  strike  valley,  into  which  the  lower  Wel- 
lington advanced  from  the  west,  by  headward  erosion,  and  thus 
materially  reinforced  the  denudation  and  dissection  of  the  area. 
Remnants  of  such  valleys  are  still  preserved  in  other  parts  of 
the  upper  palaeozoic  rocks  at  elevations  of  from  4000  to  5000  ft. 
above  sea  level.  The  soil  throughout  the  area  is  generally  poor, 
and  vegetation,  though  abundant,  is  not  luxuriant.  On  the  hills 
the  prevailing  eucalypts  are  red  and  yellow  box ;  grass  is 
scanty,  except  in  small  patches  on  the  ledges  and  saddles,  gene- 
rally where  chocolate  mudstones  or  basic  lavas  outcrop.  The 
sandstone  and  rhyolite  outcrops  are  generally  rough  and  rocky. 
The  snow-plains  are  covered  in  part  with  thick  belts  of  stunted 
snow-gums,  with  occasional  open  and  extended  stretches,  car- 
peted with  thick  snow-grass  and  mossy  patches,  from  which 
abundant  springs  issue. 

Thousands  of  cattle  are  annually  driven  up  to  these  areas  for 
summer  grazing,  and  as  no  boundaries  or  lines  have  been  fixed 
by  the  Lands  Department,  considerable  difference  of  opinion 
frequently  exists  as  to  the  rights  of  the  various  graziers  who 
rent  these  rather  valuable  summer  pastures. 

On  the  low  country  the  serpentine  belt  is  in  marked  contrast 
to  the  surrounding  slates,  and  is  sharply  delineated  by  the 
darker  soil  and  richer  grass.  Unfortunately  for  the  pastoral 
prospects  of  this  district,  the  favoured  soil  area  is  of  a  very 
limited  extent. 
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Undergrowth  is  very  scanty,  except  along  the  river  courses, 
and  where  bush  fires  have  swept  the  hills  clear  of  growth,  the 
bare  rubbly  slate  surface  shows  striking  evidences  of  extremely 
rapid  gravitation  under  the  influence  of  rain  storms. 

(b)  General  Geology  of  the  Lower  Palaeozoic  Area. 

The  following  rocks  require  special  attention :  — 

1.  Serpentine  and  associated  rocks  and  minerals. 

2.  Sediments  composed  largely  of  serpentine  detritus. 

3.  Bluish  grey  crystalline  and  fossiliferous  limestones. 

4.  Black  jasperoid  slates  with  network  of  small  quartz  veins. 

5.  Normal  graptolite  slates. 

(1)  Serpentine  and  Associated  Rocks  and  Minerals. 

The  serpentine  area  consists  of  a  narrow  belt  varying  in  width 
from  about  a  quarter  of  a  mile  to  about  two  chains,  and  extend- 
ing a  little  over  three  miles  in  length.  The  most  northerly 
outcrop  is  to  be  seen  in  the  bed  of  the  Dolodrook  river,  at  the 
mouth  of  Black-Soil  Gully.  Here  the  outcrop  is  about  two  chains 
wide,  and  lies  between  black  jasperoid  slate  on  the  north-east 
side,  and  black  slate  with  bluish  calcareous  bands  on  the  south- 
west. The  strike  of  the  slate  is  the  normal  one  throughout  the 
area,  being  approximately  north-west.  The  dip  is  at  a  high 
angle,  and  apparently  to  the  north-east,  but  the  rocks  are  con- 
torted, and  satisfactory  observations  could  not  be  obtained.  The 
serpentine  is  much  decomposed  here,  and  it  is  not  clear  whether 
it  represents  the  original  rock  in  situ,  or  compacted  serpentine 
detritus,  such  as  is  found  elsewhere  interbedded  in  the  lower 
palaeozoic  sediments. 

Travelling  in  a  south-easterly  direction  up  Black-Soil  Gully 
to  its  head,  no  more  serpentine  is  seen  till  the  head  of  the 
gully  is  reached,  for  the  underlying  rocks  are  concealed  beneath 
a  considerable  thickness  of  black  soil,  full  of  black  slate  frag- 
ments, but  largely  derived  from  the  serpentine  rocks  higher  up. 
The  only  rock  outcrop  noted  was  where  the  detritus  had  been 
washed  out  of  the  bed  of  the  gully,  exposing  the  jasperoid  slates. 
These  rocks  outcrop  also  on  either  side  of  the  valley.  The 
serpentine  is  again  exposed  in  the  saddle  at  the  head  of  the 
gully,  known  as  the  Monument  Gap,  and  it  can  be  traced  thence 
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continuously  south-east  for  about  three  miles.  It  descends  to  the 
Dolodrook  river,  which  it  crosses  just  above  its  junction  with 
Thiele's  Creek.  This  stream  has  been  so  named  by  local  bush- 
men,  and  its  name  perpetuated  by  Mr.  Dunn.  Beyond  this 
junction  the  serpentine  continues  on  the  south  side  of  the  Dolo- 
drook for  a  distance  of  about  one  mile,  widening  out  to  form 
a  patch  of  open,  park-like  country,  about  a  quarter  of  a  mile  in 
width,  and  well  covered  with  good  kangaroo  grass.  Returning  to 
the  Monument  end,  a  number  of  features  of  interest  present 
themselves.  The  serpentine  in  general  is  much  crushed  and 
foliated,  and  the  general  strike  of  the  foliation  planes  is  north- 
west, in  conformity  with  the  strike  of  the  slates.  Evidence  of 
some  shearing  and  considerable  crushing  is  to  be  seen  through- 
out the  rocks. 

The  schistose  edges  of  the  outcropping  rocks  are  prominent  in 
some  parts,  and  project  here  and  there  in  a  characteristic  knife- 
like manner.  A  small  pinnacle  about  12  ft.  high  is  known  as 
the  Monument,  and  from  its  vicinity  a  grand  and  imposing  view 
is  obtained  eastwards  to  the  precipitous  cliffs  and  table  top  of 
Wellington,  and  westwards  down  the  deep  valley  of  the  Welling- 
ton river  to  the  rock-ledged  summit  of  the  ll  Crinoline."  Last 
December  (1907)  the  view  was  rendered  particularly  striking  and 
charming  by  a  heavy  fall  of  snow,  which  brought  out  an  infiinite 
number  of  rock  structures  as  the  snow  lay  in  the  crevices  and  de- 
pressions on  the  mountains. 

Several  types  of  serpentine  are  to  be  found,  partly  due  to  dif- 
ferent stages  in  the  alteration  of  the  original  igneous  rock,  and 
also  to  the  character  of  this  rock.  A  dark  green  to  black,  even- 
grained  serpentine  with  a  tendency  to  a  slight  mottled  character, 
is  fairly  common.  Microscopic  sections  show  that  the  original 
rook  was  rich  in  olivine,  and  probably  a  peridotite.  A  further 
stage  in  oxidation  shows  a  greener  base  with  numerous  red  spots, 
forming  rather  an  attractive  rock  when  polished.  Such  a  rock 
occurs  in  Roan-Horse  Gully.  An  analysis  of  the  dark  variety,  by 
Mr.  Ampt,  is  given:  — 

Serpentine,    Dolodrook  Area. 

Silica     ....  38.43 

Alumina        -         -         -  3.08 

Ferric  oxide  -         -         -  .37 
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Ferrous  oxide 

6.40 

Magnesia 

35.08 

Soda      - 

.77 

Potash 

.37 

Water  combined    - 

13.58 

Water  hygroscopic 

1.35 

Chromic  oxide 

.16 

Manganese     - 

.12 

Copper  oxide          -  . 

.06 

Nickel  oxide 

.38 

100.15 
Density       -       2.80 

Numerous  boulders  lie  scattered  about  on  the  grassy  slopes  of 
the  serpentine  belt;  some  are  water  worn,  and  evidently  have 
weathered  out  of  a  serpentine  conglomerate,  to  be  referred  to 
later.  Other  blocks,  however,  are  irregular,  and  appear  to  re- 
present portions  of  the  original  basic  rock  of  the  serpentine. 
Considerable  variety  is  exhibited  by  these  rocks.  Most  of  them 
are  tough  pyroxene  rocks,  showing  varying  stages  of  alteration. 
One  type  common  in  the  vicinity  of  the  Monument  Gap  is  a 
coarse  -grained  rock,  extremely  tough,  and  composed  largely  of  a 
green,  rhombic  pyroxene,  corresponding  most  closely  to  bronzite. 
About  a  third  of  the  rock,  however,  consists  of  a  hard,  white 
mineral  generally  somewhat  opaque.  It  is  perhaps  a  secondary 
felspar,  and  parts  of  freshest  sections  show  traces  of  the  repeated 
twinning  of  the  original  triolinic  felspar. 

An  analysis  of  this  rock  by  Mr.  Ampt  is  given :  — 


Silica     - 

51.87 

Alumina 

5.28 

Ferric  oxide  - 
Ferrous  oxide 
Lime     - 

2.29 
7.37 

8.71 

Magnesia 
Soda      - 

22.52 
.47 

Potash 

Water  combined    - 

.31 
.97 

Water  hygroscopic 
Chromic  oxide 

.17 
.21 

Manganese    - 

.10 

\% 


258  E.   0.   Thiele: 

Nickel            ...  .21 

Copper           ...  .06 

Titanium  diox.       -         -  tr. 

Phosphoric  anhyd.          -  tr. 


100.54 
Density       -       3.222 

Another  type  varies  from  a  creamish  white  through  violet-grey 
to  a  light-green,  coarse-grained  rock.  This  rock  consists  almost 
entirely  of  monoclinic  pyroxene,  partly  diallage,  and  some  inter- 
stitial talcose  mineral  and  serpentine.  It  is  difficult  to  determine 
the  limits  of  these  rocks,  and  often,  also,  to  decide  whether 
the  rook  is  in  situ  or  not 

A  spur  descending  from  a  point  near  the  top  of  the  Kangaroo 
Spur  southwards  to  the  Dolodrook  River  to  a  point  above  the 
junction  of  Thiele's  Creek,  'shows  a  number  of  outcrops  of  the 
monoclinic  pyroxene  rocks,  which  are  most  probably  in  situ.  Thin 
sections  of  these  rocks  frequently  show  considerable  granulation 
and  deformation  of  the  constituents,  indicating  the  intensity  of 
the  pressure  to  which  the  rocks  have  been  subjected.  Occasional 
foreign  fragments  have  been  noted  in  the  slides,  and  have  been 
no  doubt  picked  up  by  the  magma. 

An  analysis  of  a  creamish-white  rock,  representing  a  somewhat 
altered  type  of  the  monoclinic  pyroxene  rocks,  with  some  inter- 
stitial talcose  mineral,  is  also  due  to  Mr.  Ampt. 


Silica    -         -         - 

36.36 

Alumina 

18.54 

Ferric  oxide  - 

4.18 

Ferrous  oxide 

1.15 

Lime     - 

23.44 

Magnesia 

8.29 

Soda      - 

.68 

Potash 

.25 

Water  combined    - 

5.97 

Water  hygroscopic 

.82 

Titanium  dioxide  - 

.62 

Phosphoric  anhyd. 

tr. 

Chromic  oxide 

tr. 

100.30 
Density       -       3.237 
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One  feature  worthy  of  note  can  be  observed  in  several  places, 
notably  a  few  chains  west  of  the  corundum  outcrop  on  Kangaroo 
Spur,  and  again  in  a  small  gully  to  the  west  of  the  chromite 
occurrence,  and  that  is  the  character  of  the  dark  greenish-black 
peridotite  serpentine.  At  both  these  spots  the  appearance  sug- 
gests an  agglomerate,  but  more  investigation  is  required  to 
decide  whether  this  is  the  case  or  whether  the  features  are 
simply  due  to  a  particular  type  of  weathering,  simulating  the 
fragmental  character  of  an  agglomerate. 


Special  Minerals. 

The  following  require  particular  attention :  — 

(1)  Corundum. 

(2)  Chromite. 

(3)  Common  Opal. 

(1)  Corundum. — This  was  first  found  about  the  middle  of  last 
year  by  two  bushmen,  Macfarlane  and  Piden,  Specimens  were 
sent  to  the  Mines  Department,  and  also  to  the  writer.  The 
occurrence  at  once  attracted  the  attention  of  Mr.  Dunn,  Director 
of  Geological  Survey,  hence  the  flying  visit  by  Mr.  Dunn  and 
Professor  Skeate. 

The  corundum  was  found  to  occur  sporadically  in  lumps  up  to 
about  3  cwt.  in  size,  at  two  spots  not  far  distant,  namely,  the 
Monument  Gap  and  a  little  to  the  east,  on  the  Kangaroo  Spur,  as 
indicated  on  the  map.  The  mineral  is  violet  in  colour,  somewhat 
translucent,  compact  and  massive,  rather  tough,  and  breaking 
with  a  somewhat  splintery  fracture.  A  certain  amount  of  a  green 
amorphous  mineral  is  present  in  small  quantity,  as  impurity. 
This  is  probably  a  hydrated  silicate  of  alumina,  coloured  with 
oxide  of  chromium. 

Thin  sections  show  the  corundum  as  irregular  patches  of  a 
violet  colour,  with  numerous  long  prisms  of  the  same  mineral, 
forming  a  somewhat  mesh-like  appearance.  Pleochroism  is  dis- 
tinct. A  small  amount  of  interstitial  material  shows  low  polari- 
zation colours,  and  as  the  analysis  shows  very  little  magnesia  it  is 
probably  some  form  of  hydrated  silicate  of  alumina. 

A  massive  corundum  has  since  been  found  in  the  Heathcote 
area  by  Professor  Skeats,  and  a  slide  of  this  shows  somewhat 
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similar  characters,  with  the  exception  that  the  interstitial  min- 
eral shows  higher  polarization  colours.  Both  slides  suggest  that 
the  corundum  is  original,  and  not  secondary. 

Through  the  courtesy  of  Mr.  Dunn  I  am  able  to  give  an  ana- 
lysis of  a  sample  of  the  Wellington  Corundum,  made  in  the  Mines 
Department  Laboratory. 


SiOa      - 

3.90 

A1A    .... 

85.11 

Fea08     .... 

0.42 

FeO       - 

0.41 

MgO     -         -         -         - 

0.15 

CaO       - 

0.46 

Na,0     .... 

0.26 

Kfi       . 

0.23 

H20  +  above  110 

7.03 

H20  -  below  110 

0.07 

C02       - 

nil 

TiOa      .... 

1.05 

P205     .... 

nil 

CraOH     .... 

1.40 

MnO     .... 

nil 

CrO       -                  -         - 

nil 

S08       -        .        -        - 

nil 

CI       .... 

nil 

100.07 
Density       -       3.580 

An  analysis  by  the  writer  of  a  somewhat  purer  sample  con- 
taining less  of  the  green  mineral  was,  unfortunately,  not  com- 
pleted. 

It  indicated  less  than  0.5  per  cent.  Si02,  nearly  90  per  cent. 
A1S03,  and  only  a  trace  of  CaO  and  MgO. 

(2)  Chromite  has  long  been  known  to  exist  in  this  area,  but 
on  account  of  the  inaccessibility  of  the  district,  little  exploratory 
work  has  been  done.  A  few  shallow  holes  have  been  sunk,  ex- 
posing a  few  lenticular  blocks  up  to  several  hundredweight  in 
size. 

Both  microscopic  and  chemical  investigation  of  the  serpentine 
shows  the  presence  of  the  mineral  in  small  amount  throughout 
the  area.     The  following  analysis  was  made  by  Mr.  Ampt. 
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SiOa      - 

- 

6.60 

AlaG8    - 

. 

16.34 

FeaO:l     - 

. 

5.20 

FeO       - 

- 

8.62 

CaO       - 

- 

0.24 

MgQ     - 

. 

17.15 

Water  combined    - 

1.22 

Water  hygi 

roscopic 

0.37 

CoO       - 

. 

0.12 

MaO      - 

. 

tr. 

Ti04      - 

. 

tr. 

PA     - 

. 

tr. 

CrA     - 

. 

45.03 

100.89 
Density       -       3.881 

The  question  of  the  genesis  of  the  corundum  and  the  chromite 
can  be  conveniently  discussed  together,  for  the  association  in  the 
Dolodrook  district  suggests  analogies  to  similar  occurrences  else- 
where. In  North  America,  corundum  is  known  both  in  acid  and 
in  basic  rocks.  The  latter  occurrence  is  worthy  of  comparison. 
In  North  Carolina  it  is  found  near  the  margin  of  peridotite  rocks, 
in  which  chromite  also  occurs,  and  J.  H.  Pratt,  who  has  studied 
the  occurrence,  considers  that  the  origin  is  best  referred  to  as 
one  of  magmatio  segregation.  Morozewioz  further  showed  experi- 
mentally that  alumina  is  soluble  in  a  molten,  basic  glass,  and 
that  on  cooling  the  alumina  rich  magma  crystals  of  corundum 
crystallized  out. 

No  excavations  have  been  made  in  the  Dolodrook  area  to  de- 
termine whether  the  corundum  is  in  situ  or  not,  but  there  is 
little  reason  to  suspect  that  it  is  not,  and  Professor  Skeats  tells 
me  that  he  has  found  it  and  chromite  distributed  in  small  quan- 
tities through  the  rooks  of  the  Heathcote  area,  in  which  he  has 
found  the  larger  pieces  of  corundum.  Chromite  is  recognised 
both  as  a  secondary  and  an  original  constituent  of  igneous  rocks, 
but  it  would  appear  the  Dolodrook  occurrence  most  probably 
indicates  a  particularly  fine  example  of  magmatic  segregation,  in 
which  the  olivine,  pyroxenes,  corundum  and  chromite  all  repre- 
sent different  phasea 
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The  common  opal  is  present  only  in  small  quantity,  and  of  no 
particular  interest.  It  is  clearly  secondary.  The  age  of  the 
serpentine  will  be  referred  to  later. 

(2)  Srdimhnts  Composed  Largely  of  Serpentina  Detritus. 

These  deposits  vary  from  coarse  or  waterworn  conglomerates 
to  fine-grained,  hard  banded  rocks. 

The  conglomerate  has  been  referred  to  in  a  previous  paper. 
It  can  be  examined  at  two  outcrops,  namely,  at  the  Monument 
Gap  and  in  the  bed  of  the  Dolodrook  River,  above  Thiele's  Creek 
junction. 

In  both  places  it  lies  along  the  south-western  margin  of  the 
serpentine  belt.  At  the  Monument  Gap,  both  the  boulders  and 
the  matrix  consist  almost  entirely  of  serpentine.  Mechanical 
deformation  and  differential  movement  have  squeezed  and 
striated  the  boulders,  but  the  evidence  of  aqueous  origin  appears 
to  be  still  fairly  pronounced. 

In  the  bed  of  the  Dolodrook,  however,  some  finer  beds  are 
associated,  containing  some  rounded  and  sub-angular  fragments 
of  a  compact  black  rock  suggesting  at  first  sight  black  slate, 
but  microscopic  evidence  shows  this  rock  is  a  fine-grained, 
igneous  one,  and  the  matrix  consists  of  serpentine  and  numerous 
fragments  of  pyroxene. 

These  beds  dip  westerly  at  a  high  angle,  and  overlie  the 
coarser  conglomerate  which  flanks  the  serpentine.  A  little 
further  west,  lower  down  the  Dolodrook,  the  black  graptolite 
slates  form  a  bluff.  The  relation  to  the  detrital  serpentine 
rocks  is  not  clear,  but  they  appear  to  overlie  them,  which  is  in 
conformity  with  observations  in  other  parts.  In  Roan-Horse 
Gully,  east  of  the  chromite  occurrence,  the  fragmental  beds  are 
again  exposed,  and  here  portions  show  considerable  calcification, 
some  portions  being  of  the  nature  of  ophioaloite.  An  analysis  of 
this  material  was  made  by  Mr.  Ampt. 

Carbonate  of  Lime  -  44.09 
Silica  -  -  -  -  24.70 
Alumina        ...  4.22 

Ferric  oxide  -         -  .75 

Ferrous  oxide         -         -  5.36 

Lime     -         -         -  3.99 
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Magnesia       -         -         -         11.75 


Soda      - 

.22 

Potash 

.20 

Water  combined    - 

3.54 

Water  hygroscopic 

.53 

Chromic  oxide 

.23 

Manganese    ... 

.07 

Nickel 

.19 

Copper           - 

.05 

Strontia 

.03 

Titanium  dioxide  - 

.19 

100.11 
Density  -  2.827 
Close  to  Galley's  Hut,  on  the  opposite  side  of  the  Dolodrook, 
fine-grained  frag  mental  rocks,  composed  of  igneous  minerals,  occur, 
They  are  stratified,  but  weather  into  long  slender  boulders,  show- 
ing a  marked  spheroidal  weathering.  Here  again  microscopic 
evidence  shows  that  they  are  composed  of  fragments  of  pyroxene 
and  serpentine,  but  it  is  not  clear  whether  they  are  sub-aqueous 
tuffs  or  normal  sediments.  These  beds  overlie  the  trilobite  lime- 
stone a  short  distance  down  the  stream,  and  are  so  closely  asso- 
ciated with  graptolite  slates  that  it  appears  impossible  to  sepa- 
rate them. 

(3)  The  Limestones. 

These  rocks  occur  as  a  number  of  small  lenticular  outcrops 
along  a  line  conforming  in  general  to  the  strike  of  the  ordovioian 
rocks,  and  a  short  distance  away  from  the  serpentine  belt,  on  its 
south-western  side.  The  most  southerly  outcrop  is  south  of  the 
chromite  occurrence,  close  to  Roan-Horse  Gully.  Here,  as  is  the 
general  case  in  this  district,  the  rock  is  a  hard  bluish-grey  crystal- 
line limestone.  A  brachiopod  identified  by  Mr.  Chapman  as 
Platystrophia  biforata,  is  abundant  in  this  outcrop,  and  as  this 
fossil  is  known  to  Mr.  Chapman  in  other  Victorian  limestones, 
whioh  he  regards  as  Yeringian  (Silurian),  he  considered  this 
limestone  to  belong  also  to  this  series. 

Since  this  decision,  however,  trilobites  have  been  found  at  the 
other  end  of  the  limestone  belt,  and  these  fossils  open  up  very 
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interesting  questions  with  regard  to  the  age  of  the  limestone. 
The  speoimens  identified  show  such  an  extremely  remarkable  asso- 
ciation of  genera  that  better  preserved  material  is  urgently 
required  before  safe  conclusions  can  be  drawn.  At  present, 
however,  it  can  be  stated  that  on  stratigraphical  evidence  one 
would  be  strongly  inclined  to  group  the  limestone  with  the 
Upper  Ordovician  slates. 

(4)  Thb  Jasperoid  Slates. 

These  rocks  are  well  exposed  in  several  places,  notably  on  the 
Dolodrook  River,  below  Garvey's  Hut,  as  shown  on  the  map,  and 
again  on  a  spur  to  the  south  of  the  same  hut. 

Until  last  January  the  age  of  these  rocks  had  not  been  fixed, 
and  as  it  seemed  to  be  a  growing  custom  to  consider  all  black 
jasperoid  and  cherty  rocks  in  the  Lower  Palaeozoic  areas  of  Vic- 
toria as  Heathcotian,  it  was  advisable  to  test  the  case  in  the 
Dolodrook  area- 
Careful  search  in  this  district  showed  clearly  that  here  these 
rooks  must  be  grouped  with  the  normal  black  slates  of  Upper 
Ordovician  age,  for  the  characteristic  graptolites  were  found 
throughout  the  series,  and  highly  silicified  bands  were  found 
clearly  interbedded  with  the  normal  slates. 

Thin  sections  of  various  grades  of  the  indurated  slates  showed 
fine  examples  of  various  stages  in  the  silicifioation.  All  showed 
evidence  of  extreme  pressure  developing  a  schistose  structure 
marked  by  undulating  lines,  too  black  and  dense  to  be  deter- 
mined, but  containing  a  minute  micaceous  mineral.  Abundant 
lenticles  of  secondary  quartz  and  chalcedony  make  up  the 
greater  part  of  the  rock. 

(6)  Thb  Graptoutb  Slates. 

There  is  now  really  no  need  to  separate  these  from  the 
jasperoid  slates.  They  are  all  one  series,  exhibiting  different 
degrees  of  induration  and  silicifioation.  They  form  the  prevail- 
ing rock  surrounding  the  serpentine  belt,  and  afford  graptolites 
in  numerous  localities.  These  fossils  have  been  described  in  a 
paper  by  Dr.  T.  S.  Hail.  Many  outcrops  show  intense  contor- 
tion and  crumpling,  so  that  observations  of     dips  are  generally 
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not  of  much  use.     Thin  sections  failed  to  show  what  was  the 
nature  of  the  original  rooks  from  which  they  were  derived. 

(7)  The  Succession  op  the  Rocks. 

This  cannot  be  said  to  be  established  yet,  but  considerable 
evideDce  has  been  collected  since  Mr.  Dunn's  hurried  visit.  This 
observer  admitted  that  his  ideas  were  only  tentative.  Two  fea- 
tures largely  influenced  Mr.  Dunn's  reasoning:  — 

(1)  The  consideration  of  the  limestone  as  Upper  Silurian  on 

Mr.  Chapman's  identification  of  the  Platytttrophia.    The 
trilobite  had  not  then  been  found. 

(2)  The  interpretation  of  the  black  fragments  in  the  conglo- 

merate as  black  slate,  and  probably,  therefore,  indi- 
cating a  post-Ordovician  deposit. 
An  older  age  for  the  limestone  now  seems  more  reasonable, 
and  the  argument  of  the  black  fragments  does  not  hold,  since 
they  are  not  slate,  but  fragments  of  a  black  igneous  rock,  as 
shown  by  thin  sections.  Mr.  Dunn  regarded  the  Ordovician  as 
the  oldest  rock,  the  serpentine,  or  rather  the  original  pyroxene 
rocks,  as  intrusive  into  the  Ordovician  slates,  while  the  frag- 
mental  serpen  tinous  rocks  and  limestones  were  grouped  as  Upper 
Silurian.  The  succession,  however,  which  appears  more  correct 
to  the  writer,  would  place  the  massive  serpentine  and  allied 
rocks  as  the  oldest  series — at  least  pre-Upper  Ordovician ;  next, 
perhaps,  the  fragmental  serpentine  conglomerates,  etc.,  lime- 
stones and  slates.  Further  fossil  evidence  is  necessary  to  deter- 
mine whether  further  sub-division  is  necessary,  but  at  present 
the  course  most  in  conformity  with  stratigraphical  evidence  is  to 
consider  the  whole  of  the  post-massive-serpentine  series  as 
Upper  Ordovician. 

Y.—  The  Rhyolites  and  Associated  Rocks  of  the  Upper 

Palaeozoic  Series. 

As  the  writer  has  no  time  at  present  to  do  justice  to  the  in- 
formation collected  on  these  rooks,  they  will  be  included  simply 
to  render  available  some  analyses  which  were  made  last  year 
in  the  University  laboratory.       The  lavas  include  both  acid  and 
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basio  ones,  the  former  largely  predominating.  They  show  an 
infinite  variety  of  texture  and  oolour,  but  chemically  all  are 
closely  similar. 

The  commoner  varieties  show  a  base  varying  in  oolour  from 
light  green  to  pink  and  dark  chocolate-brown.  Phenocrysts  con- 
sist of  quartz  and  orthoolase  felspar,  the  latter  varying  from 
white  to  pink. 

One  type  from  the  western  slopes  of  Wellington,  in  the 
vicinity  of  Lake  Earng,  is  an  attractive  rock  with  a  light 
greenish  base  and  moderate  sized  phenocrysts,  of  white  ortho- 
clase  and  quartz.    Thin  sections  show  a  fine  perlitic  structure. 

In  general  from  a  structural  point  of  view  two  divisions  can 
be  made:  — 

(1)  Those  showing  marked  flow  structure. 

(2)  Those  of  the  type  of  normal  quartz  porphyries. 

Thin  sections  of  the  latter  often  show  the  phenocrysts  em- 
bayed by  the  devitrified  magma,  but  occasionally  sections  show 
no  such  features,  and  sharp,  angular  fragments  of  quartz  and 
felspar  form  a  granular  base,  suggesting  a  pyroclastic  origin, 
but  this  feature  is  hard  bo  establish.  These  rocks  are  of  great 
extent  and  thickness,  and  their  relation  and  distribution  has 
been  briefly  referred  to  in  a  former  paper. 


Si02      - 

AltO,    -         -         - 
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The  Basalts  (Meiaphyrea  of  Howitt)  belong  to  the  upper 
palaeozoic  series,  and  are  frequently  much  altered.  They  fre- 
quently contain  geodes  and  amygdales  of  chalcedony.  Epidote 
and  calcite  are  abundant  as  alterations  products. 
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In  conclusion,  I  desire  to  express  my  indebtedness  to  Professor 
Skeats,  Dr.  T.  S.  Hall,  Mr.  F.  Chapman,  F.L.S.,  Mr.  H.  J.  Grayson, 
Mr.  G.  Ampt,  B.Sc,  and  Mr.  E.  J.  Dunn  for  help  in  collecting 
information  on  this  area.  At  the  same  time  I  must  offer 
apologies  for  the  fragmental  character  and  numerous  short- 
comings of  this  paper,  due  to  extremely  hurried  compilation 
from  notes,  and  to  its  being  written  under  rather  unfavourable 
conditions  on  the  steamer  between  Melbourne  and  Adelaide. 


APPENDIX. 

Preliminary  Notes  on  a  Collection  of  Trilobite  Remains 
from  the  Dolodrook  River,  N.  Gippsland. 

By    FREDERICK    CHAPMAN,    A.L.S.,    Ac. 

(National  Museum.) 

The  following  notes  are  based  on  some  fragmentary  fossils, 
all  trilobitic,  which  Mr.  E.  0.  Thiele,  B.Sc.,  late  of  the  Vic- 
torian Geological  Survey,  and  now  on  the  staff  of  the  Imperial 
Institute,  London,  discovered  in  a  bed  of  dark  bluish  limestone 
associated  with  Upper  Ordovician  slates  at  the  Dolodrook  River, 
Mt.  Wellington  District,  N.  Gippsland.  Mr.  Thiele  has  kindly 
plaoed  the  material  in  my  hands  for  description,  and,  although 
the  fossils  are  far  from  perfect,  it  seems  advisable  to  publish 
the  following  brief  notes  upon  them,  with  a  view  to  affording 
some  information  as  to  the  age  of  this  limestone,  which  comes 
from  a  district  of  which  the  geology  is  still  far  from  being  fully 
known. 

The  limestone  in  which  the  fossils  are  found  is  hard  and  sub- 
crystalline,  and  the  method  of  its  fracture  does  not  entirely 
favour  the  extraction  of  the  fossils.  Moreover,  the  trilobites 
themselves  have  become  disjointed,  especially  in  the  thoracic 
region,  in  most  cases  before  being  covered  with  sediment,  since 
no  examples  of  the  pleura  were  seen,  except  the  merest  frag- 
ments. 

The  generic  forms  present  belong  to  Agnostus  and  ?Proetus, 
whilst  a  doubtful  type,  perhaps  referable  to  Cheirurus,  is  repre- 
sented by  two  imperfect  tail-shields. 

Agnostus  sp.  nov.  Of  this  form  both  head  and  tail-shields  are 
present.  It  is  a  member  of  the  group  Longifrontes,  the  distin- 
guishing characters  of  the  prominent  glabella  and  the  impressed 
line  separating  the  anterior  part  of  the  cheeks  and  the  lateral 
lobes  of  the  tail  behind  the  axis,  being  well  marked.     In  general 
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form  it  compares  most  nearly  with  A.  pisijormis,  L.  ap.,  and  A. 
punctuosus,  Angelin.  The  affinities  of  the  Australian  species 
seem  to  lie  rather  with  the  Cambrian  than  the  Ordovioian  forms. 

%Proetus  sp.  nov.  Remains  of  a  large  and  handsome  form, 
with  a  wide  and  straight  anterior  border,  long  glabella  and 
granulosa  cheeks,  are  common  in  the  limestone.  The  specimens 
show  very  marked  characters  which  tend  to  separate  them  from 
species  of  the  genus  sen.su,  strioto,  and  their  nearest  allies  seem 
to  be  certain  Proetids  from  the  Girvan  area  in  Scotland,  of 
Upper  Ordovioian  age,  and  younger. 

ICheirurus.  The  remains  of  two  pygidia  show  them  to  have 
a  depressed,  but  roundly  terminated  axis,  which  does  not  extend 
to  the  posterior  margin,  few  segments,  and  a  wide  lateral  border ; 
whilst  at  the  posterior  angles  were  stout  spines.  Vestiges  of  other 
detached  spinous  processes  also  occur  in  the  matrix. 

But  for  the  presence  of  tho  new  species  of  Agnostus,  it  might 
be  assumed  that  the  limestone  was  of  Upper  Ordevician  age, 
taking  into  consideration  the  facts  of  the  association  of  the  beds. 
The  presence  of  this  older  form,  however,  makes  it  an  open 
question  as  to  the  contemporaneity  of  the  limestone  and  the 
adjoining  slates.  It  is  to  be  hoped  that  better  and  more  copious 
material  will  be  forthcoming  from  this  very  interesting  district, 
when  these  and  other  forms  can  be  fully  described,  and  inferences 
drawn  with  more  certain  knowledge. 


PLATE    XL 
Sketch  Map  of  the  Dolodrook  Serpentine  Area. 
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Art.  VIII. — The  Graptolite  Beds  at  Daylesford. 

By    T.    S.    HART,    M.A.,  F;G.S. 

(With  Plate  XII ). 

[Bead  11th  June,  1908]. 

During  the  last  few  years,  on  several  visits  to  Dayleeford  I 
have  collected  fossils  at  a  large  number  of  localities.  Many  of 
these  have  kindly  been  examined  and  identified  by  Dr.  T.  S. 
Hall,  and  the  horizon  of  the  beds  determined.  The  greater 
part  of  the  collecting  has  been  done  between  Sailor's  Creek,  on 
the  west,  and  the  line  of  the  Dry  Diggings  Road,  on  the  east, 
extending  north  and  south  over  a  distance  of  about  six  miles, 
with  Daylesford  in  the  centre.  The  following  notes  are  a  sum- 
mary of  the  information  obtained  at  about  sixty  fossil  localities. 

Previous  References. 

A  geological  survey  of  about  140  square  miles  in  the  vicinity 
of  Daylesford  was  commenced  by  Krause,  and  a  progress  report 
dated  Oct.  1,  1877,  is  contained  in  Progress  Report  No.  5  of  the 
Geological  Survey  of  Victoria.  He  states  that  it  is  apparent 
from  the  persistent  westerly  dip  between  the  Loddon  and  Dayles- 
ford, that  the  uppermost  beds  are  exposed  on  or  in  proximity  to 
the  meridional  ridge,  of  which  Wombat  Hill  forms  a  conspicuous 
point ;  that  thence  westward  the  beds  are  much  folded  and  frac- 
tured, and  with  these  beds  the  principal  auriferous  quartz  reefs 
are  associated ;  that  graptolites  are  abundant  in  these  "  upper  " 
beds ;  and  that  the  general  strike  of  the  beds  near  Wombat  Hill 
is  16  to  22  degrees  west  of  north,  but  that  further  north  it 
becomes  more  meridional.  The  only  fossils  mentioned  are  Grap- 
tolites frutioosus  and  Phyllograptus  folium,  which  are  stated  to 
be  the  most  common  species. 

The  survey  was  subsequently  continued  by  the  late  Norman 
Taylor,  whose  report  is  contained  in  Progress  Report  No.  8  of, the 
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Geological  Survey.  He  states  that  he  has  not  noticed  the  per- 
sistent westerly  dip  between  the  Loddon  and  Daylesford,  re- 
ferred to  by  Krause.  He  mentions  several  fossil  localities,  four 
of  which  are  marked  on  his  map,  but  gives  no  further  names 
except  Hymemocaris.  His  map  is  published  as  quarter-sheet 
16  N.E. 

The  area  to  the  south,  of  which  the  map  is  quarter-sheet  16 
S.E.,  was  surveyed  by  Mr.  S.  B.  Hunter.  The  report  is  in  Pro- 
gress Report  No.  9  of  the  Geological  Survey.  He  mentions  the 
occurrence  of  graptolites,  and  states  that  both  east  and  west  of 
the  most  folded  belt  there  is  a  persistent  dip  to  the  west. 

Dr.  T.  S.  Hall,  in  his  paper  on  the  Geology  of  Castlemaine 
(Proc.  Royal  Society  of  Victoria,  Vol.  VII.,  new  series,  1895) 
refers  the  only  Daylesford  fossils  which  he  had  then  seen  to  the 
zone  of  Tetragraptus  fruticosus.  Referring  to  this  in  a  paper 
dealing  with  other  features  of  these  rocks  (Proc.  Royal  Society  of 
Victoria,  Vol.  XIV.,  pt.  2,  n.s.),  I  mention  them  as  the  lowest 
parts  of  the  Castlemaine  series,  meaning  thereby  the  lowest  parts 
of  the  rocks  which  occur  at  Castlemaine,  not  the  Castlemaine 
series  in  the  more  limited  sense  in  which  that  term  is  now  com- 
monly used. 

More  recently  Dr.  Hall  has  identified  other  fossils  from  this 
district  (Records  Geological  Survey  of  Victoria,  Vol.  I.,  pt.  4, 
1906,  and  Vol.  II.,  pt.  1,  1907),  of  which  the  localities  and 
horizons  are  as  follows  :  — 

Cornish  line  of  reef  (stated  by  Mr.  E.  J.  Dunn  to  be  from  the 
mullock  heap  at  the  Victoria  Cornish  Engine  Shaft,  and  probably 
from  the  966ft.  level),  at  the  top  of  the  Bendigo  series. 

The  Springs,  Daylesford,  Bendigo  horizon. 

Bullarto,  Castlemaine  horizon. 

From  the  Daylesford  Gold  Mine  Tip,  probably  Bendigonian, 
and  others  from  the  same  locality,  Wattle  Gully  Beds.  Mr.  W. 
Baragwanath,  jr.,  who  collected  these,  considers  that  they  were 
both  probably  from  material  excavated  in  sinking  from  400  to 
500ft. 

From  a  shaft  quarter  mile  south  of  the  Cornish  Co.'s  new  shaft, 
Castlemaine  series. 

From  the  north  side  of  the  Jubilee  Lake,  quarter  mile  east  of 
the  railway,  Upper  part  of  the  Castlemaine  series.     Mr.  Barag- 
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wanath  informs  me  that  these  were  from  material  from  a  tunnel. 
From  his  information,  also,  I  make  a  slight  verbal  correction  in 
the  last  two  localities. 

Mr.  £.  J.  Dunn  refers  the  beds  mainly  to  the  Castlemaine  zone, 
but  in  part  to  the  Bendigo  zone.  This  is  apparently  largely  by 
the  weathering  colours  (Records  Geological  Survey  of  Victoria, 
Vol.  II.,  pt.  I.,  p.  10). 

General  Outline  op  the  Following  New  Observations. 

I  have  divided  the  area  into  three.  My  western  localities  are 
from  about  the  line  of  the  strike  passing  through  the  Ajax  Mine, 
westward.  All  my  fossils  from  these  localities  are  referable  to 
the  Bendigo  series,  but  the  localities  are  widely  scattered,  and 
the  field  relations  of  the  beds  to  one  another  are  seldom  ascer- 
tained. 

Central  Belt. — In  this  the  rooks  are  often  well  exposed  and 
much  folded.  Most  of  my  observations  are  in  this  area.  Bendigo 
beds  occur  on  its  west  side,  and  probably  recur  on  anticlines 
further  east,  associated  with  the  Wattle  Gully  series,  but  no 
higher  beds  have  been  demonstrated. 

Eastern  Localities. — These  are  scattered  localities  east  of  the 
Ballarat  Railway,  near  Woodburn,  and  eastward  from  the  Springs 
at  Hepburn,  and  one  far  east  locality.  In  these  also  the  field 
relations  of  the  beds  are  not  observed.  All  the  fossils  are  refer- 
able to  parts  of  the  Castlemaine  Series  above  the  Wattle  Gully 
Beds. 

I  have  numbered  my  fossil  localities  in  order  for  facility  of 
reference,  and  described  their  positions  in  terms  which  allow  of 
their  being  readily  located.  The  fossils  identified  by  Dr.  Hall 
and  his  statements  as  to  horizon  I  have  marked  thus :  t-  The 
remainder  of  the  names,  confined  almost  entirely  to  common 
forms,  are  from  my  own  notes. 

Details  op  the  Fossil  Localities. 

Western  Localities. 

In  the  Deep  Creek  at  Eganstown  black  pyritic  slates  occur, 
but  no  fossils  were  obtained. 
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1. — On  the  Ballarat  Road,  west  of  the  turn  of  the  road  at 
which  small  dykes  are  marked  on  Hunter's  map,  and  near  the 
top  of  Sailor's  Hill,  in  a  small  cutting  on  the  south  side  of  the 
road.  Tetragraptus  fruticosus,  Didymogra.ptus  bifidus,  and 
Phyllograptus  typus. 

2. — In  the  cutting  at  the  west  end  of  the  Sailor's  Creek 
embankment,  Ballarat  Road.  Strike  north  10  degrees  west,  dip 
easterly  at  73  degrees,  near  an  anticline.  The  same  three  species 
with  small  Crustacea. 

The  horizon  of  these  will  be  high  in  the  Bendigo  Series. 

3. — On  the  east  side  of  Sailor's  Creek,  on  the  low  point  oppo- 
site the  Tipperary  Spring.  This  is  the  spring  marked  on  Taylor's 
map  a  short  distance  upstream  from  Tipperary  Point.  Phyllo- 
graptus  typus,t,  Tetragraptus  bryonoides,t,  T.  pendens,t,  Gonio- 
graptus  thureaui,  variety  with  five  branches, t,  and  another 
Goniograptus,!,  Didymograptus  of.  nichoisoni,t,  Rhinopterocaris. 

Strike  north  20  degrees  west,  dip  easterly.  A  synciine  is  close 
by  to  the  east,  but  the  easterly  dip  is  quickly  resumed.  An 
anticline  occurs  a  short  distance  to  the  west. 

4. — East  bank  of  Sailor's  Creek  opposite  Taylor's  note  30. 
Tetragraptus  fruticosus,t,  T.  quadribrachiatus,f,  Bendigonian,t, 
Rhinopterocaris  maccoyi  and  smaller  crustaoea  are  also  present. 

5. — Close  to  4.  Tetragraptus  pendens, t,  T.  bryonoides,t, 
Goniograptus  thureaui, t,.  Dr.  Hall  refers  it  doubtfully  to  the 
upper  part  of  the  Bendigonian.  I  have  also  T.  fruticosus  and 
Phyllograptus  typus.  The  bed  is  probably  identical  with  4,  and 
quite  close  to  3,  so  that  all  these  three  localities  may  be  re- 
ferred to  the  Bendigonian. 

6. — Taylor's  note  24.  Dip  westerly.  Tetragraptus  fruti- 
cosus, t,  T.  serra,t,  T.  bryonoides,t,  T.  quadribrachiatus?,t,  Phyl- 
lograptus typus, f,  Goniograptus  macer,f,  Typical  Bendigonian, t, 
Crustacea  are  very  common,  some  of  which  Mr.  F.  Chapman  has 
identified  as  Caryocaris  cf.  angustata. 

7,  8. — At  the  present  Ajax  shaft,  and  at  an  old  shaft  close  by, 
Tetragraptus  fruticosus.  This  is  at  the  site  of  Taylor's  note 
31. 

9. — At  a  shallow  shaft  between  the  Ajax  and  Nuggetty  Ajax 
shafts,  T.  fruticosus  with  Phyllograptus  typus.  These  three 
localities  were  all  in  loose  blocks  from  the  shafts. 
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10. — On  the  right  bank  of  Wombat  Creek,  near  the  west  boun- 
dary of  the  borough.  T.  fruticosus  is  probably  present.  This 
seems  to  be  probably  the  locality  referred  to  above  as  the 
Springs,  Daylesford. 

11. — In  east  dipping  beds  east  of  the  south-east  corner  of  the 
Stony  Creek  Basin,  and  west  of  allotments  28,  29  ;  in  a  race  cut 
in  the  bedrock  in  au  area  of  sluiced  ground.  Tetragraptus 
fruticosus,  t,  T.  serra,  Phyllograptus  typus,t,  Goniograptus  sp. 
Rhinopterocaris  macooyi,  and  smaller  Crustacea.     Bendigonian,f. 

An  anticline  passes  a  short  distance  to  the  west  of  this 
locality,  and  is  perhaps  the  same  as  that  which  passes  west  of 
the  Ajax  shaft. 

12. — From  a  shaft  near  Stony  Creek  Falls,  in  poorly  preserved 
material,  Phyllograptus  typus. 

13. — In  the  bed  of  Sailor's  Creek,  about  west  of  the  last  men- 
tioned locality  a  few  fossils  were  found,  but  nothing  recognis- 
able. 

The  localities  from  which  the  above  fossils  were  collected  are 
too  few  and  widely  separated  to  give  a  safe  idea  of  the  whole  of 
the  beds  present.  They  are  in  the  Bendigo  series,  and  the  more 
western  localities,  1  to  5,  high  in  that  series.  They  do  not  re- 
quire any  great  thickness  of  beds,  and  do  not  suggest  a  persistent 
westerly  dip.  I  know  of  no  records  of  newer  fossils  to  the  west. 
A  slight  prevalence  of  westerly  dips  is  possible. 

The  Central  Area. 

Besides  being  more  accessible,  this  area  affords  numerous 
natural  sections,  road  cuttings,  sluiced  areas,  shafts,  tunnels,  and 
other  workings. 

A  nearly  continuous  section  may  be  obtained  from  11  down  a 
gully  to  Wombat  Creek,  and  a  little  further  to  the  north  up  the 
Smith's  Creek  valley. 

About  75  paces  to  the  east  from  11,  measured  across  the 
direction  of  the  strike,  a  roll  occurs  in  the  strata,  but  the  eas- 
terly dip  is  at  once  resumed,  and  continues  to  a  syncline  near  the 
north-west  corner  of  allotment  27. 

14. — In  the  bed  of  the  gully,  and  west  of  the  svncline,  Didymo- 
graptus  bifidus,!,  a  few  Phyllograptus  typus, f,  Tetragraptus 
bryonoides,t,  T.  serra,t,  T.  quadribrachiatus,t. 
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15. — East  of  the  syncline,  perhaps  the  same  bed,  Didymo- 
graptua  bifidus,t,  D.  extensus,t,  Rhinopterocaris  maccoyi,t. 

Both  these  are  Wattle  Gully  Beds,f. 

Thence  to  the  mouth  of  the  gully  the  dips  are  westerly,  though 
in  some  places  diffioult  to  observe  in  the  thick,  highly  cleaved 
slates.  The  anticline  must  occur  just  outside  this  gully,  and  can 
be  seen  a  short  distance  to  the  north,  in  an  excavation  on  the 
east  side  of  the  Ballan-road,  at  the  south  end  of  the  embankment 
over  Wombat  Flat.  The  anticline  has  a  well-marked  pitch  to  the 
south,  and  some  thin  quartz  veins  seem  to  follow  round  the  beds 
and  outcrop  in  curved  lines  on  the  floor  of  the  excavation. 

16.—  At  the  south  end  of  this  cutting,  and  immediately  east 
of  the  anticline,  Phyllograptus  typus  is  the  most  abundant,  and 
Tetragraptus  fruticosus  is  doubtfully  present.  Didymograptus 
bifidus  was  not  noticed. 

In  the  bed  of  the  creek  to  the  east  the  syncline  is  just  exposed, 
and  shows  black  slates  from  which  it  was  difficult  to  obtain  any 
fossils. 

17. — A  little  to  the  south,  in  the  bed  of  the  creek,  a  very  few 
fossils  were  obtained,  comprising  Didymograptus  bifidus,  Phyllo- 
graptus typus,  and  probably  Tetragraptus  serra.  The  horizon  is 
therefore  uncertain.  It  may  be  uppermost  Bendigonian  or 
Wattle  Gully  Beds. 

Continuing  to  the  east  up  Smith's  Creek,  an  anticline  and  a 
syncline  closely  following  are  seen  a  little  east  of  the  Lake 
Road.  Both  these  ha^e  a  strong  southerly  pitch.  Thence  wes- 
terly dips  continue  to  an  anticline  which  passes  under  the  hill 
en  which  the  Victorian  Cornish  south  shaft  is  situated.  This 
anticline  is  easily  traceable  up  the  south  side  of  the  valley,  and 
passes  immediately  east  of  the  South  Cornish  Company's  shaft. 
Continuing  to  the  south  it  crosses  the  railway  at  the  footbridge, 
but  is  not  actually  seen,  as  an  old  valley  filled  with  basalt  occupies 
the  position  where  it  would  appear.  The  change  of  dip  is  clearly 
seen  on  the  two  sides  of  this  valley,  the  whole  width  of  which  is 
exposed  in  the  cutting. 

18. — In  the  mouth  of  a  small  tunnel  on  the  north  bank  of 
Smith's  Creek,  and  a  little  east  of  the  anticline.  In  my  notes  I 
have  that  Phyllograptus  typus  is  most  abundant  with  doubtful 
Tetragraptus  fruticosus,  but  none  of  the  material  sent  to  Dr. 
Hall  was  determinable. 
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19. — From  loose  material  here,  Phyllograptus  typus,t,  Tetra- 
graptiis  bryoDoidee,t,  either  Castlemainian  or  Bendigonian,!. 

20. — South  Cornish  Company's  mullock  heap,  T.  fruticosus,  f, 
Bendigonian, 

This  anticline,  like  the  previous  one,  has  a  southerly  pitch. 

21. — West  of  the  last  mentioned  anticline,  in  a  gully  north  of 
Smith's  Creek  and  independent  of  it.  North-west  of  the  south 
shaft  of  the  Victorian  Cornish  Co.,  Tetragraptus  fruticosus, 
Phyllograptus  typus,  Rhinopterocaris  and  small  Crustacea. 

22. — East  of  the  anticline  last  mentioned,  north-east  of  18  and 
high  up  on  the  north  side  of  Smith's  Creek,  in  east  dipping  beds. 
A  trench  had  been  cut  along,  the  next  bed  with  the  fossil  bed  on 
its  wall,  so  that  large  quantities  of  material  were  available. 
Tetragraptus  bryonoides,t,  Didymograptus  cf.  nicholsoni,t, 
Clonograptus  flexili-s?,t,  Clonograptus  spp,t,  Phyllograptus 
typusf,  age  uncertain,  probably  Bendigonian,!.  I  noticed  no 
examples  of  either  Tetragraptus  fruticosus,  Didymograptus  bifi- 
dus  or  D.  caduceus. 

23. — A  few  fossils  were  noticed  in  slightly  newer  beds  a  short 
distance  down  the  hill  from  22. 

It  appears,  therefore,  that  Bendigo  Beds  do  reach  the  surface 
on  this  anticline.  I  was  formerly  under  the  impression  that  they 
did  not,  as  my  first  Bendigonian  fossils  in  thin  vicinity  were  all 
from  mine  mullock  heaps. 

24. — A  loose  block  containing  Tetragraptus  fruticosus  waa 
found  on  the  Lake  mad,  near  the  long  tunnel.  Its  origin  is 
quite  uncertain,  owing  to  the  great  length  of  this  tunnel,  but  in 
in  view  of  the  southerly  pitch  of  the  anticline  near  the  last 
localities,  Bendigo  beds  would  scarcely  be  expected  on  the  sur- 
face near  this  tunnel  on  it,  and  there  is  no  sign  as  yet  detected 
of  their  appearance  further  east.  There  is,  of  course,  the  possi- 
bility that  the  tunnel  workings  have  at  their  entrance  re-handled 
shaft  material,  or  that  the  block  may  have  not  come  from  the 
tunnel  at  all. 

Higher  up  Smith's  Creek  the  dip  is  for  some  distance  easterly 
frvm  the  localities  18  and  22.  A  syncline  with  an  anticline 
quickly  following  on  tho  east,  appears,  and  further  east  the  bed- 
rock is  buried  under  basalt. 

East  of  the  South  Cornish  shaft,  an  anticline  is  exposed  both  in 
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the  road  and  railway  cuttings.  Where  it  would  be  expected  in 
Smith's  Creek  I  found  no  break  in  the  easterly  dips.  The  strike 
of  locality  22  would  pass  close  to  or  east  of  this  anticline.  The 
anticline  is  broadly  curved. 

25. — East  of  this  anticline  in  the  road  cutting  east  of  the  rail- 
way. Didymograptus  bifidus,t.  Phyllograptus  typus,t,  Tetra- 
graptus  serra,t,  T.  bryonoides,t,  T.  quadribrachiatus,t,  Clono- 
graptus  or  Dendrograptus  sp,t,  Castlemainian,  Wattle  Gully 
Beds,t. 

From  the  locality  11  to  the  head  of  the  exposed  Ordovician  in 
Smith's  Creek  is  a  distance  at  right  angles  to  the  strike  of  about 
three-quarters  of  a  mile.  From  the  syncline  between  14  and  15 
to  the  anticline  at  19,  there  is  a  preponderance  of  westerly  dips 
to  the  extent  of  about  1200  feet,  and  some  of  the  short  stretches 
of  easterly  dip  have  a  comparatively  flat  dip  for  some  part  of 
their  length.  There  may  be  in  all  1000  feet  in  thickness  of  beds 
exposed,  the  lowest  of  which  are  Bendlgonian  and  the  highest 
Wattle  Gully. 

Between  11  and  14  there  is  not  room  for  the  whole  of  this 
series  to  be  repeated  in  the  distance  of  about  eight  or  nine 
chains,  yet  the  beds  at  11  appear  to  be  at  least  as  old  as  those 
at  19.  Similarly  between  the  South  Cornish  shaft  and  the  anti- 
cline at  the  railway  crossing  there  is  only  a  distance  of  about 
three  or  four  chains,  yet  beds  appear  which  are  of  the  Wattle 
Gully  series  and  probably  not  far  removed  in  age  from  the 
beds  at  14  and  15. 

The  most  probable  explanation  seems  to  be  that  there  is 
unobserved  faulting  at  both  these  places,  with  an  upward  move- 
ment on  the  west  side,  so  that  some  beds  are  cut  out  of  the 
surface  section.  As  these  would  probably  be  reversed  faults, 
their  direction  would  be  similar  to  those  on  which  the  Cornish 
and  the  Ajax  reefs  are  situated. 

If  suoh  faults  recur  at  other  parts  of  the  district,  they  would 
counteract  a  preponderance  of  westerly  dips,  as  they  actually  do 
in  this  section,  and  would  therefore  tend  to  reconcile  the  state- 
ments of  Hunter  and  Krause  as  to  prevalent  dips,  with  the  evi- 
dence of  the  fossils. 

An  attempt  was  made  to  trace  the  folds  of  the  Smith's  Creek 
section  in  the  railway  cuttings  and  other  exposures  to  the  south. 
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The  anticline  and  syncline  at  the  lower  end  of  Smith's  Creek 
appear  to  converge  to  the  north  and  spread  apart  to  the  south. 
On  the  north  bank  of  the  Lake  two  anticlines  are  probably  pre- 
sent corresponding  to  those  at  19,  and  perhaps  25.  An  anti- 
cline occurs  at  the  Woodburn  siding,  exposed  in  a  drain  near  the 
road  crossing.  A  syncline  occurs  at  the  north  end  of  the  big 
bank  to  the  south,  and  the  big  cutting  beyond  shows  an  anti- 
cline and  syncline.    Fossils  were  obtained  at  several  places. 

26,  27. — In  the  two  cuttings  between  the  Lake  and  Woodburn. 
Only  Tetragraptus  serra  from  one  of  these,  and  Phyllograptus 
typus  from  the  other,  were  recognised. 

28. — At  one  of  the  mullock  heaps  of  the  Rising  Star  (now  Vic- 
torian Star)  mine.  Phyllograptus  typus  and  Tetragraptus  fruti-( 
cosus.  The  shaft  is  750  feet  deep,  and  they  are  probably  from 
the  lowest  workings. 

29. — In  the  bed  of  the  Creek  above  the  big  embankment 
south  of  Woodburn,  a  few  fossils  were  noticed,  but  were  inde- 
cisive as  to  the  horizon  of  the  beds. 

30,  31,  32.— Three  localities  in  the  big  cutting.  At  all  of 
these  Didymograptus  bifidust  is  by  far  the  most  abundant  fossil. 
In  addition  there  are  Tetragraptus  bryonoidesf  and  Phyllo- 
graptus typusf  at  30  and  32,  and  T.  quadribrachiatusf  at  32. 

30. — At  the  north  end  of  the  cutting  east  of  the  anticline. 

31. — Beyond  the  anticline,  but  before  the  syncline. 

32.—  Near  the  south  end  of  the  cutting,  west  of  the  syncline. 

These  are  all  near  the  same  horizon,  and  the  same  bed  may  be 
repeated.     All  are  Wattle  Gully  Beds. 

This  anticline  seems  to  be  most  probably  the  same  as  passes 
west  of  11.  No  Bendigo  Beds  are  exposed  in  the  cutting,  but 
their  disappearance  is  in  accordance  with  the  consistent  southerly 
pitch  seen  on  the  anticlines  and  synclines  as  before  mentioned. 
If  the  identification  of  the  anticline  is  correct,  one  anticline  and 
one  syncline  seem  to  disappear  southward  from  the  series  before 
described. 

33. — A  few  fossils  were  obtained  in  Wombat  Creek,  a  little 
above  the  Lake  Road  Bridge.  Their  horizon  was  uncertain,  but 
the  beds  are  probably  the  same  as  at  17. 

34. — In  Kidd's  Gully  east  of  the  Daylesford  Co/s  shaft,  one 
small  Didymograptus  caduoeus. 
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35. — Lower  down  Kidd's  Gully,  north-east  of  the  same  shaft. 
Tetragraptus  fruticosus  is  doubtfully  present. 

36. — A  short  distance  upstream  from  the  junction  of  White- 
field  Gully  and  Kidd's  Gully.  A  few  fossils  were  obtained,  among 
which  Didymograptus  bifidus  was  most  common. 

37.— In  Spring  Creek,  at  the  mouth  of  Wild  Cat  Gully,  Phyl- 
lograptus  typus  was  observed. 

38. — Road  cutting  on  the  Hepburn  Road  west  of  Doctor's 
Creek.  Phyllograptus  typus, t,  Tetragraptus  bryonoides,!,  and 
sponge  spicules,!,  Horizon  uncertain,!. 

A  good  series  of  sections  are  exposed  from  the  locality  6  down- 
stream to  the  junction  of  Spring  Creek  and  thence  up  Spring 
Creek  and  Woman's  Gully. 

An  anticline  with  a  strong  northerly  pitch  occurs  a  short  dis- 
tance east  of  6,  followed  by  a  syncline  with  a  similar  pitch,  and 
another  anticline.  This  syncline  and  anticline  cross  the  creek 
twice  in  the  bend  south-west  of  the  Hepburn  recreation  ground, 
and  also  cross  Spring  Creek  just  above  its  junction  with  Sailor's 
Creek. 

39. — Close  to  the  syncline  west  of  the  recreation  ground. 
Didymograptus  bifidus. 

40. — On  the  west  bank  of  the  Creek,  and  west  of  the  syncline, 
and  north-west  of  the  recreatiou  ground.  T.  fruticosus,!,  Ben- 
digonian,!. 

41. — On  the  west  side  of  Sailor's  Creek  and  opposite  the 
mouth  of  Spring  Creek.  Tetragraptus  fruticosus,!,  T.  bryon- 
oides,!, Phyllograptus  tj^us,!,  Didymograptus  bifidus?,!,  Clono- 
graptus  abnormis,!,  Bendigonian  uppermost  zone,!,  Rhinoptero- 
caris  nmcc«>yi  and  other  Crustacea  are  also  present.  Immediately 
to  the  south  there  is  considerable  mixing  of  these  slates  with  the 
sandstones,  giving  something  of  the  appearance  of  a  conglo- 
merate. 

As  the  pitch  is  northerly  and  the  beds  are  near  a  syncline  and 
some  distance  north  from  the  locality  6,  they  would  be  expected 
to  be  somewhat  newer,  as  is  also  indicated  by  the  fossils. 

After  the  syncline  and  anticline  already  referred  to  as  cross- 
ing Spring  Creek  there  is  for  some  distance  up  that  creek  an 
easterly  dip.  A  syncline  occurs  before  reaching  the  road,  and  an 
anticline  immediately  east  of  the  road  embankment  at  Breakneck. 
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42. — Road  cutting  south  of  Spring  Creek  at  Breakneck,  west 
of  the  anticline.  Didymograptus  bifidus,t,  D.  caduceus  one 
small,t,  Tetragraptus  bryonoides,t,  Phyllograptus  typus  most 
abundant,t,  sponge  spiouies,t,  Wattle  Gully  Beds,f. 

43. — In  bed  of  creek  east  of  the  same  anticline.  Didymograp- 
tus bifidus,f,  most  abundant,  D.  extensus,f,  Tetragraptus  bryon- 
oides,t,  Wattle  Gully  Beds.f 

These  two  localities  are  in  beds  close  to  one  another,  and  as 
easterly  dip  have  been  in  excess  from  the  last  fossil  locality, 
we  would  expect  higher  beds,  as  is  indicated  by  the  fossils. 

A  syncline  soon  follows,  and  an  anticline  after  some  distance, 
which  should  bring  up  slightly  older  beds  than  42,  43,  but  no 
fossils  were  obtained  to  show  whether  the  Bendigo  beds  reach 
the  surface  again.  Four  more  anticlines  were  located  further 
east,  but  no  more  fossils  were  found. 

On  the  whole  the  northern  localities  show  a  succession  of 
folds  with  Wattle  Gully  Beds  east  of  the  localities  of  Bendigo 
fossils,  and  a  slight  prominence  of  an  anticline  corresponding  in 
character  to  the  anticline  at  the  Cornish  mine. 

At  two  or  three  places  in  this  central  area  somewhat  coarser 
sandstones  than  usual  were  noticed  at  a  position  which  was 
probably  near  the  dividing  line  between  the  Bendigo  and  Wattle 
Gully  beds,  but  the  evidence  was  not  sufficient  to  regard  them  as 
being  restricted  to  this  part  of  the  series. 

The  Eastern  Localities. 

44. — 'Bed  of  Wombat  Creek,  quarter  mile  east  of  the  head  of 
the  Lake.     Didymograptus  oaduceus,  some  large. 

45. — At  a  shallow  shaft  a  short  distance  to  the  south  from 
this.     D.  oaduceus,t,  large.     Castlemainian,'?   middle, f. 

These  are  further  east  than  Baragwanath's  locality. 

46,  47,  48. — Three  localities  in  Argyle  Gully.  D.  caduceus  was 
found  at  two  of  them,  and  Phyllograptus  typus  at  the  middle 
one,  near  an  anticline. 

49. — On  the  ridge  north  of  Argyle  Gully,  and  east  of  Spring 
Creek.  Didymograptus  caduoeus,t  and  Phyllograptus  angusti- 
folius,f..     Typical  Castlemaine  series,  f. 

50. — On  the  ridge  between  Wild  Cat  and  Woman's  Gully, 
about  50  chains  east  of  Spring  Creek.  Didymograptus  caduceus, t, 
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very  abundant,  Phyllograptus  angustifofius,t,  and  Dichograptus 
ootobraohiatus  ?,  t . 

51. — On  the  same  ridge  and  about  25  chains  to  the  north-east. 
Didymograptus  caduoeus  large,  f. 

52. — East  side  of  a  cutting  on  the  Dry  Diggings  road,  south  of 
Dry  Diggings.     D.  caduceus,t. 

53. — Mullock  heap  of  a  shaft  near  Beehive  Reef  Dry  Diggings. 
D.  caduceus,t,  D.  nitidus,t,  and  Phyllograptus  ahgustifolius,t. 

54. — Taylor's  note  91.  D.  caduceus,t,  D.  nitidus,t,  and  Tetra- 
graptus  quadribrachiatus,t. 

49  to  54  Dr.  Hall  refers  to  the  typical  Castlemaine  series,  and 
51  probably  highest.  51  is  about  the  position  at  which. Krause 
placed  the  highest  beds.  I  have  no  information,  with  regard 
to  these  localities,  as  to  their  relation  to  one  another,  and 
whether  they  are  the  higher  or  lower  beds  in  their  immediate 
vicinity.  Between  52  and  54  there  is  a  belt  about  a  mile  and  a- 
half  in  width,  from  which  I  have  no  fossils.  I  do  not  think  it 
likely  that  the  trough  of  a  main  syncline  lies  at  51,  as  there  is 
no  reappearance  yet  detected  of  the  Wattle  Gully  and  Bendigo 
Beds  to  the  East. 

The  principal  gold  workings  in  quartz  are  within  the  central 
strip  or  on  its  margin.  This  is  within  the  limits  which  Dr.  Hall 
regarded  as  gold-bearing  at  Castlemaine.  There  is  little  gold 
working  to  the  east,  where  higher  beds  of  the  Castlemaine  series 
probably  occur.  Though  the  western  area  has  not  much  impor- 
tant mining  at  present,  it  is  to  some  extent  gold-bearing,  and 
may  correspond  to  one  of  the  less  productive  zones  which  occur 
even  in  the  Bendigo  central  area. 

The  prevalent  southerly  pitch  at  the  south  end,  and  prevalent 
northerly  pitch  at  the  north  end  bring  in  newer  beds  across  the 
strike  of  the  Cornish  anticline,  and  cause  these  beds  also  to 
encroach  on  the  area  of  Bendigo  beds  further  to  the  west. 

SUMMARY. 

In  the  above  notes  I  have  referred  the  various  beds  to  hori- 
zons in  accordance  with  Dr.  Hall's  subdivision  of  the  series  of 
beds  at  Castlemaine.  In  view,  however,  of  the  differences  in  the 
fossil  succession,  as  described  by  him  from  that  noticed  in  other 
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countries,  a  review  of  the  observations,  independently  of  any 
such  subdivision,  seems  desirable. 

Having  regard  to  the  prominence  of  the  various  fossil  species, 
as  observed  in  collecting,  the  following  characteristics  of  different 
beds  are  noticed: — 1.  There  is  a  series  of  beds  in  which 
Didymograptus  caduceus  is  abundant  and  sometimes  large,  often 
tho  only  fossil  collected.  With  it  are  Pliyllograptus  angusti- 
f  alius  and  Didymograptus  nitidus,  neither  of  which  I  found  in 
other  beds,  and  Tetragraptus  quadribrachiatus%  which  also  occurs 
in  other  beds. 

2nd.  There  is  a  series  of  beds  characterised  by  the  extreme 
abundance  of  Didymograptus  bifidus,  with  which  Phyllograptus 
typus  is  often  common,  T.  bryonoides  and  T.  quadribrachiatus 
being  the  most  frequent  other  fossils  in  these  beds. 

3rd.  In  the  remaining  localities  (excluding  those  from  which 
the  observations  are  too  meagre  to  be  safe),  Phyllograptus  typus 
is  usually  common,  and  practically  always  present.  Other  most 
frequent  fossils  are  Tetragraptus  fruticosus  and  T.  bryonoides. 
D.  hi  fid  us  is  seldom  present,  and  never  common  in  these  beds, 
and  T.  fruticosus  was  never  observed  in  beds  in  which  D.  bifidus 
is  common. 

4th.  At  one  locality,  22,  with  P.  typus  and  T.  bryonoidest 
Clonograptus  was  conspicuous,  but  neither  T.  fruticosus  nor  D. 
bifidus,  nor  D.  caduceus  was  noticed  here. 

As  regards  the  relations  of  these  beds :  — That  locality  in 
which  Clonograptus  ia  conspicuous  is  clearly  just  above  beds 
containing  T.  fruticosus. 

The  bifidus-beds  at  14  and  15  lie  close  to  a  syncline.  Beds 
with  fruticosus  appear  near  the  anticlines,  on  both  sides  of  them, 
at  11  and  16. 

The  bifid us~beds  at  30,  31,  32  lie  near  an  anticiice  and  syn- 
cline. Whichever  of  the  anticlines  this  is,  it  is  one  on  which 
T.  fruticosus  appears  further  north,  and  the  pitch  is  southerly. 

The  bifidus~bvd$  at  25  would  appear,  apart  from  possible  fault- 
ing, to  be  near  the  horizon  of  the  surface  beds  at  the  South 
Cornish  shaft.  From  the  workings  of  this  shaft  T.  fruticosus 
was  obtained,  and  further  north  on  the  anticline  which  passes 
close  to  the  shaft,  the  same  fossil  also  occurs  in  beds  exposed  at  a 
much  lower  level  in  the  gullies.  The  pitch  of  this  anticline 
is  considerable,  and  southerly. 
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The  bifidus-beds  at  42  and  43  are  east  of  the  fruticosus  beds 
at  41,  with  some  excess  of  easterly  dips  intervening. 

In  every  case,  then,  where  the  relations  of  the  bifidus  and 
fruticosus  beds  are  observed,  the  bifidus  beds  are  the  newer. 

The  field  relations  of  the  caduceus  beds  were  not  so  well 
observed,  but  the  following  points  seem  important:  — 

D.  caduceus  was  never  conspicuous  in  the  localities  in  which 
D.  bifidus  is  abundant,  and  was  never  noticed  present  with  T. 
fruticosus.  Easterly  dips  prevail  east  of  the  anticline  at  18  to 
the  head  of  Smith's  Creek.  Anticlines  and  synclines  near  here 
have  a  distinct  and  consistent  southerly  pitch.  The  caduceus 
localities  44  and  45,  and  Mr.  Baragwanath's  locality  lie  to  the 
south-east  from  here. 

No  repetition  of  the  fruticosus  beds  occurs  between  the 
eastern  localities  with  caduceus,  and  the  furthest  east  localities 
with  abundant  bifidus. 

No  repetition  of  the  caduceus  beds  occurs  to  the  far  west  in 
any  of  the  localities  examined. 

The  caduceus  beds  without  typus  certainly  cannot  be  placed 
between  the  bifidus  and  fruticosus  beds,  in  both  of  which  typus 
is  abundant,  and  the  field  evidence  is  too  complete  also  to  sup- 
pose they  had  been  overlooked  in  this  position.  They  must 
either  be  below  the  fruticosus  beds  or  above  the  bifidus  beds. 
All  the  field  evidence  favours  the  higher  position. 

Of  the  three  groups  of  beds  the  order  then  is:  — 
3rd.  Beds  with  abundant  D.  caduceus,  newer  than 
2nd  Beds   with   abundant   D.    bifidus   and   with   P.   typus, 

newer  than 
1st  Beds   with   T.   fruticosus   and  P.   typus.     Oldest   here 
observed. 

This  is  in  agreement  with  the  determinations  at  Castlemaine 
already  referred  to,  but  I  have  not  here  collected  in  beds  which 
can  be  decisively  referred  to  that  part  of  the  series  in  which  D. 
caduceus  has  begun  to  be  common  and  P.  typus  has  not  yet 
disappeared.  On  the  other  hand,  there  are  apparently  beds  at 
Daylesford,  above  the  horizon  at  which  T.  fruticosus  ceases  to 
be  common,  but  older  than  the  beds  with  abundant  D.  bifidus. 
This  may  be  only  a  local  unimportant  peculiarity  of  the  bed  in 
which  the  fossils  were  collected  at  locality  22. 
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Tabulation  of  the  fossils  observed  at  the  chief  localities.  The 
beds  grouped  together  are  close  to  one  another,  and  separated 
by  not  many  feet  in  thickness  of  strata. 


T.  fruticosus     - 

T.  bryonoides  - 
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T.  pendens 

T.  quadribrachiatua 

P.  typua   - 

P.  angustifoliuB 

Dichograptua     octo- 

brachiatus 
C.  flexilie 

C.  abnormia 
G.  thureaui 
G.  macer  - 
Did.  bifidua      - 
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D.  cadnceua 
D.  nitidua 
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Art.    IX. — Geology  of  the  Proposed  NUlahcootie   Water 
Conservation  Area. 

By    H.    S.    SUMMERS,    M.Sc, 

Government  Research  Scholar,  Geological  Laboratory,  Melbourne 
University. 

(With  Plate  XIII). 

[Read  11th  June,  1908]. 

I. — Introduction. 

Every  dry  season  the  Broken  Creek,  a  branch  of  the  Broken 
River  flowing  into  the  Murray,  ceases  to  run,  and  the  result  is 
a  water  famine  over'  most  of  the  country  lying  between  the 
Murray  and  the  Broken  River.  The  inlet  of  Broken  Creek 
from  the  main  river  had  gradually  been  silted  up,  and  only  flood 
waters  found  their  way  from  the  river  into  the  creek.  Matters 
were  considerably  improved  by  the  building  of  Casey's  Weir,  just 
below  the  point  where  the  flood  bed  of  the  creek  left  the  river, 
and  by  the  cutting  of  a  channel  to  allow  more  water  to  enter 
Broken  Creek.  In  time  of  extreme  drought  the  Broken  River 
itself  ceases  to  flow,  and  consequently  even  in  moderate  seasons 
little  or  no  water  finds  its  way  into  Broken  Creek  during  the 
summer  months.  It  was  therefore  proposed  to  build  a  large  weir 
on  the  Broken  River  at  NUlahcootie,  half  way  between  Mansfield 
and  Benalla,  in  order  to  conserve  sufficient  water  to  keep  the 
Broken  Creek  continually  flowing,  even  in  the  dryest  seasons, 
and  to  supply  water  for  irrigation  purposes.  A  site  for  a  weir 
was  selected  just  above  the  junction  of  Back  Creek  and  the 
Broken  River,  and  bores  and  shafts  put  down  in  order  to  test  the 
nature  of  the  underlying  rock.  The  river  at  this  point  flows 
along  a  gorge  about  fifty  feet  deep,  out  through  solid  granite, 
so  that  the  foundations  for  the  main  concrete  wall  would  be 
perfect. 
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The  proposal  was  to  build  a  weir  about  100  feet  in  height, 
and  this  meant  that  an  embankment  over  half  a  mile  in  length 
must  be  built  along  a  neck  of  land  lying  between  Back  Creek 
and  an  alluvial  flat  on  the  main  river.  The  borings  and  shafts 
along  this  line  showed  that  in  places  bedrock  was  not  met 
with  till  a  depth  of  over  seventy  feet  had  been  reached,  the 
material  passed  through  being  a  conglomerate  consisting  of  peb- 
bles set  in  fine  olay,  with  some  gravel  in  parts,  and  the  conclu- 
sion arrived  at  was  that  the  river  had  formerly  flowed  where  this 
bank  now  stands,  and  it  was  considered  that  the  soakage  through 
the  river  gravels  from  the  reservoir  into  Back  Creek  would  cause 
so  great  a  loss  of  water  that  the  amount  conserved  would  not  be 
sufficient  to  repay  the  large  initial  expense,  and  further  con- 
siderable doubt  was  expressed  as  to  the  strength  of  this  ridge, 
and  it  was  feared  that  the  soakage  through  this  bank  might  cause 
a  break-away,  with  disastrous  results  to  the  inhabitants  of  the 
country  lower  down  the  river. 

Nothing  further  was  done  in  the  matter  until  in  1907  the 
Benalla  Water  Trust  again  brought  it  under  the  notice  of  the 
Minister  for  Water  Supply,  who  visited  the  locality  and  had  a 
fresh  report  prepared. 

I  visited  the  locality  with  Mr.  S.  Jeffrey,  the  Shire  Engineer 
for  Benalla.,  and  found  that  the  conglomerate  referred  to  above 
was  of  considerable  area,  and  had  many  of  the  characteristics 
of  a  glacial  deposit.  Unfortunately  the  exposures  are  poor,  and 
it  is  difficult  to  determine  absolutely  whether  this  deposit  is  of 
glacial  origin  or  not  ;  but  there  is  sufficient  evidence  to  show  that 
it  would  be  a  great  mistake  to  condemn  the  scheme  until  the 
origin  of  the  conglomerate  has  been  fully  worked  out.  A  fresh 
shaft  should  be  sunk,  and  the  material  examined  critically  by  a 
geologist. 

II.  —Physiography  of  the  Area. 

The  valley  of  the  Broken  River  about  Nillahcootie  forms  the 
division  line  between  the  Strathbogie  Ranges  and  the  Mount 
Samaria  and  Tolmie  Highlands.  At  the  proposed  weir  site  the 
valley  is  fairly  narrow,  and  the  river  bed  is  gorge-like,  but  higher 
up  wide  open  alluvial  flats  exist,  forming  a  splendid  storage  area 
for  immense  quantities  of  water. 
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A  few  miles  below  the  proposed  weir  site  the  valley  com- 
mences to  widen  out,  and  the  river  flows  on  through  Benalla, 
over  open  alluvial  plains,  and  joins  the  Goulburn  at  Shepparton. 
About  six  miles  below  Benalla  the  Broken  Creek  leaves  the  main 
river  and  runs  in  a  north-westerly  and  westerly  direction  to  join 
the  Murray. 

At  Gowangardi  the  Broken  River  flows  between  low  hills  of 
Silurian  sediments,  and  there  is  little  doubt  that  this  part  of 
its  course  is  of  comparatively  recent  origin,  and  that  Broken 
Creek  was  formerly  the  main  stream,  the  gradual  building  up  of 
which  led  to  the  formation  of  a  newer  and  shorter  course  to  the 
Goulburn. 

The  source  of  the  main  stream  is  in  the  hills  to  the  north  of 
Mansfield,  and  it  is  soon  joined  in  the  Parish  of  Dueran  by 
Bridge  Creek  and  Blue  Range  Creek,  which  rise  in  the  Tolmie 
Highlands,  and  Thomson's  Creek,  which  rises  in  the  hills  to  the 
south.  Just  at  the  northern  boundary  of  the  Parish  of  Nillah- 
cootie  the  river  is  joined  on  the  west  by  Sandy  Creek,  whose 
source  is  in  the  eastern  portion  of  the  Strathbogies.  About  a 
mile  further  north  Back  Creek,  with  its  tributary,  Wild  Dog 
Creek,  enter  the  river  from  the  east. 

To  the  west  of  the  river  valley  at  Nillahcootie  lies  the  some- 
what dissected  pene- plain  of  the  Strathbogie.  The  general  level 
of  this  area  ranges  from  a  thousand  to  fifteen  hundred  feet  above 
sea  level,  but  here  and  there  hills  like  Mt.  Separation  and  Mt. 
Barrenhet  stand  well  up  above  the  surrounding  country. 

On  the  eastern  side  the  country  is  more  rugged,  the  ascent 
from  the  river  being  rapid,  and  in  some  places  precipitous,  falls 
150ft.  high  being  found  on  both  Back  Creek  and  Wild  Dog 
Creek.  The  highest  point  in  this  neighbourhood  is  Mt.  Samaria, 
which  rises  to  a  height  of  3138ft.  above  sea  leved.  On  the 
slopes  of  Mt.  Samaria  some  good  grassy  flats  are  met  with,  but 
south  and  east  from  this  point  the  country  is  extremely  rough, 
very  heavily  timbered,  and  rendered  almost  impassable  by  the 
dense  growth  of  wattle  and  other  scrub.  Other  prominent  hills 
on  the  eastern  side  of  the  river  are  Hat  Hill  and  Mt.  Wombat. 
The  country  above  the  proposed  weir  site  is  fairly  open,  as  the 
river  here  flows  through  undulating  country  composed  of  Car- 
boniferous sandstone,  and  is  only  separated  on  the  south  from  the 
basin  of  the  Goulburn  River  by  a  low  ridge  of  similar  rocks. 
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III. — Thb  Geological  Siqubngk. 

Tho  rocks  of  this  area  may  be  divided  into  four  groups.  (A) 
A  series  of  sedimentary  rocks  showing  considerable  contact  meta- 
morphisni  and  probably  of  Silurian  ape.  (B)  Igneous  rooks  of 
acid  to  sub-acid  composition  intruded  into  the  silurian  series 
and  Devonian  in  age.  (C)  Conglomerates  occupying  portions  of 
the  valleys  of  Wild  Dog  Creek,  Back  Creek,  and  the  Broken 
River,  probably  of  glacial  origin,  and  of  uncertain  age.  (D) 
Recent  alluvial  deposits  along  the  course  of  the  streams. 

(A).—  The  Silurian  Rocks. 

The  sedimentary  series  consist  of  indurated  mudstones,  shales, 
slates,  quart zites,  hornfels,  etc.,  the  alteration  being  due  to  the 
intrusion  of  the  granites  and  porphyries.  The  strike  of  the  rocks 
is  very  irregular,  but  still  seems  to  have  a  general  northerly 
direction.  So  far  no  fossils  have  been  found  in  these  beds,  but 
there  is  little  doubt  that  they  are  silurian  in  age,  as  they  occur 
on  tho  same  lino  as  the  fossiiiferous  sandstones  of  silurian  age 
occurring  at  the  Reef  Hills,  Benalla,  and  the  silurian  limestones 
of  Loyola,  near  Mansfield. 

Acid  apophyses  from  the  granite  are  to  be  seen  intrusive  into 
the  sediments  near  the  contact.  The  strata  are  much  jointed 
and  faulted,  and  show  considerable  contact  metamorphism,  most 
of  the  rocks  showing  the  presence  of  mica  and  other  secondary 
minerals.  In  the  bed  of  Back  Creek,  about  two  and  a-half  miles 
above  its  junction  with  the  Broken  River,  a  sharp  junction  be- 
tween the  sedimentary  and  igneous  rocks  is  seen,  and  sections 
show  that  the  contact  rock  is  a  typical  hornfels  consisting  of 
granular  quartz,  with  a  considerable  amount  of  biotito. 

(B). — The  Igneous  Rocks. 

Three  distinct  types  of  acid  igneous  rocks  occur,  which  may  ue 
provisionally  called  granite,  granite  porphyry  and  quartz  por- 
phyry. 

The  granite  is  only  found  at  the  lower  levels  along  the  river 
Led  at  about  800ft.  above  sea  level.  On  the  eastern  side 
of  the  river  silurian  rooks  containing  acid  veins  are  met  with  at 
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about  850ft.,  and  climbing  upwards  along  the  surveyed  road  to 
Mt.  Samaria,  these  rocks  are  traversed  until  a  height  of  1100ft. 
is  reached,  when  granite  porphyry  makes  its  appearance.  The 
road  passes  along  over  this  till,  at  a  height  of  1500ft.,  the 
Silurian  rocks  reappear,  but  at  2400ft.  they  give  place  to  a 
granite  porphyry  having  a  groundmass  distinctly  finer  than  the 
previous  occurrence,  and  the  porphyritic  felspars  are  much 
smaller.  On  the  final  slope  leading  to  Mt.  Samaria,  the  prevail- 
ing rocks  are  silurian  sediments,  but  the  denudation  of  these 
frequently  exposes  the  underlying  porphyry,  now  passing  to  the 
quartz  porphyry  type.  Finally  at  a  height  of  3138ft.  above  sea 
level  the  summit  of  Mt.  Samaria  is  found  to  consist  entirely  of 
a  quartz  porphyry  showing  phenocrysts  of  quartz  and  felspar  in  a 
fine-grained  groundmass.  The  northern  face  of  the  mount  is 
extremely  precipitous,  and  an  imperfect  columnar  jointing  in  the 
porphyry  is  to  be  observed.  Extending  in  a  north-easterly 
direction  from  this  point  lies  the  main  mass  of  the  porphyry 
forming  the  Toombullup  and  Tolmie  Highlands. 

On  the  western  side  of  the  river  the  granite  rises  to  some 
hundreds  of  feet  above  the  level  of  the  river.  Porphyry  occurs 
also  on  the  Strathbogie  side,  but  this  area  has  not  been  exam- 
ined, so  that  the  junction  of  the  two  types  is  not  known. 

(C). — The  Conglomerate. 

The  best  development  of  the  conglomerate  is  met  with  below 
the  junction  of  Back  Creek  and  the  Broken  River,  where  it 
reaches  a  width  of  50  chains  and  is  up  to  70ft.  in  thickness.  The 
conglomerate  consists  of  boulders  and  pebbles  of  all  sizes,  set  in 
a  fine  graned  material,  the  boulders  consisting  of  quartzfte, 
horafels,  indurated  mudstone,  shales,  quartz,  granite,  granite 
porphyry,  aplite,  tourmaline  aplite,  quartz  porphyry,  etc.  The 
general  size  of  the  boulders  is  from  1ft.  down  to  an  inch  or  two 
in  diameter,  the  largest  noted  being  in  a  small  road  cutting  near 
Back  Creek,  where  a  boulder  of  granite  porphyry  over  4ft.  long 
occurs  alongside  a  mass  of  indurated  mudstone  about  3ft.  in 
length.  Many  of  the  boulders  are  facetted  and  polished,  but 
striated  boulders  are  rare,  the  few  that  were  found  not  being 
entirely  satisfactory,  so  that  the  determination  of  the  conglo- 
merate as  of  glacial  origin  at  present  rests  rather  on  its  mode  of 
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occurrence,  distribution,  form  of  pebbles,  etc.,  Chan  on  the 
presence  of  striated  boulders. 

Very  few  sections  through  the  conglomerate  are  met  with,  the 
bulk  of  the  material  lying  in  a  valley  between  the  present  river 
bed  and  the  hills  to  the  east,  and  the  thickness  is  only  known 
from  the  depth  of  bores  and  shafts  put  down  along  the  line 
originally  proposed  for  the  weir  site.  Unfortunately  the  shafts 
have  been  filled  in,  so  that  no  information  can  be  obtained  in 
them. 

The  general  distribution  of  the  conglomerate  is  shown  in  the 
accompanying  sketch  map  of  the  area.  The  upper  portion  lies 
near  the  base  of  a  steep  scarp  to  the  south  of  Mt.  Samaria,  and 
it  becomes  almost  impossible  to  trace  it  on  account  of  the  fallen 
material  from  the  scarp  in  places  completely  covering  the  sur- 
face. It  is  in  this  part,  however,  that  the  best  section  occurs,  a 
small  cross  valley  exposing  a  thickness  of  40ft.  of  conglomerate. 
The  pebbles  are  mostly  small,  being  between  2  and  4  inches  in 
diameter,  larger  ones  being  rare.  Most  of  the  pebbles  show 
facetting,  and  are  all  smooth  and  polished,  but  no  striations 
were  observed.  The  pebbles  consist  almost  entirely  of  hard 
quartzite,  and  are  set  in  a  fine-grained  matrix.  In  general  the 
whole  mass  is  firmly  cemented  together,  and  large  blocks  of  con- 
glomerate are  found  along  the  bed  of  the  cross  valley.  At  this 
point  the  upper  part  of  the  conglomerate  is  about  100ft.  above 
the  level  of  Wild  Dog  Creek. 

Along  the  Broken  River,  above  its  junction  with  Back  Creek, 
abundant  boulders  and  pel>bles  occur  in  the  bed  of  the  river, 
and  although  now  waterworn  and  showing  no  signs  of  facetting, 
they  quite  possibly  represent  resorted  glacial  material,  especially 
as  many  of  the  boulders  consist  of  a  dyke  rock  composed  of  a 
soda  hornblende,  and  an  alkali  felspar,  which  must  have  travelled 
a  considerable  distance,  as  no  outcrop  of  such  a  rook  occurs 
along  the  stream  for  many  miles  above  Dawes'  Flats,  where  boul- 
ders of  it  are  extremely  common. 

Along  the  sides  of  the  valley  and  well  above  present  flood 
level,  are  found  pebbles  of  quartzite  resting  on  the  granite*,  and 
the  form  of  these  pebbles  suggests  a  glacial  origin.  So  far  I 
have  had  no  opportunity  of  examining  the  country  higher  up 
the  valley,  where  possibly  more  conglomerate  would  be  found. 
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Below  the  junction  of  Back  Creek  with  the  Broken  River  the 
conglomerate  widens  out,  and  can  be  traced  some  distance  down 
the  stream,  but  finally  gives  place  to  alluvium  and  resorted  boul- 
ders from  the  conglomerate.  About  a  mile  and  a-half  below  the 
junction  a  narrow  belt  of  conglomerate  joins  the  main  mass  on 
the  east.  This  tributary  portion  is  considerably  dissected,  but 
the  whole  surface  of  the  ground  is  covered  with  ferns  and  scrub, 
so  that  very  little  can  be  seen  of  the  nature  of  the  material 

The  evidence  in  favour  of  this  conglomerate  being  of  glacial 
origin  is  as  follows :  — 

(1)  Many  of  the  boulders  are  facetted,  smoothed  and  polished, 
and  are  generally  quite  unlike  water-worn  material.  Here  and 
there  blocks  are  seen  having  a  portion  of  its  surface  smoothed, 
but  the  remainder  is  rough  and  angular. 

(2)  The  composition  of  the  boulders  found  in  the  conglomerate 
is  of  an  extremely  varied  character,  and  although  most  of  them 
can  be  matched  with  the  rooks  in  the  district,  some  are  quite 
distinct  from  any  known  rocks  in  this  vioinity,  and  have  probably 
travelled  a  considerable  distance  from  the  place  from  which  they 
were  derived. 

(3)  The  composition  of  the  boulders  seems  to  bear  no  relation 
to  the  composition  of  the  underlying  rook,  i.e.,  a  change  in  the 
composition  of  the  underlying  rock  causes  no  change  in  the 
relative  proportions  of  the  various  types  of  rocks  contained  in 
the  conglomerate. 

(4)  The  matrix  seems  to  vary  with  the  composition  of  the 
underlying  rook,  being  fine  grained  and  seemingly  composed  of 
ground-up  sedimentary  rocks,  where  the  conglomerate  rests  on 
the  silurian.  Whereas  angular  quartz  is  fairly  abundant  through- 
out the  matrix,  where  the  bedrock  consists  of  granite. 

(5)  Microscopic  sections  of  the  matrix  show  that  the  consti- 
tuent prams  are  angular  to  subangular,  and  so  are  distinct  from 
rounded  water-worn  grains. 

(6)  The  distribution  of  the  conglomerate,  especially  below  the 
junction  of  Back  Creek  and  the  Broken  River,  where  it  is  over 
half  a  mile  in  width,  and  about  70ft.  in  thickness,  can  be  easily 
explained  if  we  accept  the  glacial  origin  of  the  conglomerate.  If 
the  conglomerate  be  not  due  to  glacial  action,  then  it  must  be 
of  river  formation.     From  the  site  originally  proposed  for  the 
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weir,  for  M>me  male*  d  ^»n  stream  the  fall  of  the  rrrer  re  faarihr 
rapid,  and  there  it  no  apparent  cause  why  the  strean 
build  up  ha  bed  over  70ft..  and  then  §et  to  work  t<?  cart* 
new  chancel  f'*r  itaeif  in  the  sracite. 

The  absence  of  typical  striated  boulder*  is.  of  coone. 
arsriment  against  the  glacial  origin  of  the  consionicraiek. 
tbi*  absence  max  be  partially  explained  by  the  fact  that  the  1 
«.f  :he  pebbles  are  o.nipo*ed  of  OjOartzite.  zranite  and  pocpAtyry. 
The  trrst  nao*ed  beimr  •fiitretL.ety  hard,  niay  hare  resisted  scnfidk- 
inar.  and  '-nix  *h;W  poLUhimr.  and  the  decomposition  of  the  sw- 
face  of  the  Laneou*  p  -ck*  woold  remove  all  trace*  of  sariaa&nay  if 
inch  had  **  tir  been  present. 

i  D  >.  —  .1  ££« »:  'i  a  m. 

Tb*  distribution  of  the  ail  it;  am  U  *h->wTi  in.  the  aec»:  aipaayrnftj 
map.  In  pan  thi.+  i-*  rich  rir^r  wa*h.  but  the  lower  level  mate 
rial  i*  com  poaed  mainly  •  f  resorted  material  from  the  conizfo- 
mentte  with  «,nly  a  *msill  proportion  of  finer  material. 

IV. — Pbtboghap  st. 

Th**  imeou*  rock*  of  this  area.  may  be>  divided  for  the  time 

beunr  '■n'o  -.rraaite.  'granite  porphyry  and  quartz  porphyry,  the 

riih»<:im*i</n  -u*  *.<>  nh^ir  «.*»jrrect  nomenclature  beinir  referred  until 

Latt-r.      Jiputu:    and    ptflcinatitic    vein*   are   associated    with   the 

(Xh-    Granite. 

The  /mnirifH  .ir».-  only  found  to  occur  at  the  lower  levels  along 
r.faw  valJev  if  r,he  Krok.*u  Hiv^r.  "Hie  o4uur  of  most  of  the  rock 
uf  r»*i.  thi»  -roiour  bt?in«r  *coiidary  and  due  10  the  alteration  of 
the  :*«risf mrs  ami  fwro-;iiauue*ian  .uinerals. 

The  -rfructur**  it  *ht<  r»ick  i>  peculiar,  a*  it  ha*  a  porphyritic 
.ippeiirniii.f.  -iuw  *."  rile  fact  **hat  lary?e  bleb*  of  quart.'.  and  !eispar 
ory<aih  tr\«  -et  u  a  .jranuiar  mixture  of  quartz  and  felspar,  with 
h«*r#*  and  *hero  a  '^ranwphyric  iutenjrowth  of  quaru  and  felspar. 
<>•  »  ■*.'•;' iou>  ■#!  *iie  laf^o  quartz  ■^rnins  4iow  a  r»»u^h  hexagonal 
outline.  ;md  *:he  iar*£*  r'eibjnirs  show  f*uri\  :«oiuv»  v»  wai  1k>uii- 
dfiri»»k  Flukw^  of  vhife  nica  with  a  pctu«>  Iiimio  an*  u^seut, 
and  bio  u  to  -Glutting  .ou&iderable  altoiaaou  .x  lusiutt.riv  abun- 
dant. 
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Under  the  microscope  the  rock  is  seen  to  consist  of  quartz, 
orthociase,  plagioclase,  biotite  and  muscovite,  with  minor  acces- 
sories, such  as  apatite  and  magnetite  in  very  small  amount. 
The  quartz  is  clear  and  colourless,  although  in  parte  it  is  slightly 
clouded  by  the  numerous  bubbles  scattered  irregularly  through 
it.  The  larger  grains  show  numerous  cracks.  Both  orthociase 
and  plagioclase  are  present,  the  latter  being  slightly  the  more 
abundant.  The  orthociase  is  very  much  decomposed,  the  altera- 
tion products  being  mainly  kaolin  and  secondary  mica.  Carlsbad 
twins  are  fairly  common.  The  orthociase  shows  a  considerable 
amount  of  microperthitio  intergrowth,  and  patches  of  almost 
fresh  secondary  plagioclase  occur  in  the  orthociase.  The  extinc- 
tion angles  of  these  secondary  felspars  show  that  they  are  albite. 
The  plagioclase  is  also  very  much  altered,  and  the  decomposition 
products  in  this  case  are  kaolin,  secondary  mica  and  zoisite. 
Many  of  the  felspars  are  so  much  decomposed  that  it  is  impos- 
sible to  read  the  angles  of  extinction,  but  one  which  was  much 
fresher  than  the  remainder  gave  angles  conforming  to  andesine 
having  the  composition  Ab4.Anv  This  particular  crystal  is  of 
great  interest,  as  it  not  only  shows  twinning  according  to  the 
carlsbad  and  albite  law,  but  also  according  to  the  maneback  and 
possibly  the  periciine  law.  The  centre  of  the  mineral  has  been 
replaced  by  a  secondary  felspar  which  is  quite  fresh  and  shows 
traces  of  albite  twinning.  The  ref.  index  of  the  secondary  felspar 
is  shown  by  Becke's  method  to  be  higher  than  that  of  the 
original  mineral,  and  so  belongs  to  the  basic  end  of  the  plagio- 
clases.  A  few  of  the  plagiocla&es  show  traces  of  zoning,  but  the 
range  of  difference  in  composition  is  very  slight.  The  muscovite 
is  fresh  and  occurs  in  irregular  flakes,  showing  high  polarization 
colours.  The  biotite  is  bleached  and  partially  converted  to 
chlorite,  with  the  separation  out  of  iron  oxide  along  the  cleavage 
flakes.  Under  the  microscope  the  character  of  the  intergrowth 
of  the  quartz  and  felspar  is  well  seen.  In  part  this  intergrowth  is 
of  a  granophyric  type,  and  in  part  it  seems  to  consist  of  rounded 
blebs  of  quartz  set  in  a  lar<re  felspar  crystal. 

(B). — The  Granite  Porphyry. 

The  granite  porphyry  has  a  considerable  range  in  texture, 
merging  in  one  direction  into  a  porphyritic  granite,  and  in  the 
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other  into  a  quartz  porphyry.  The  hand  specimens  show  that 
the  rock  is  light  grey  in  colour,  and  consists  of  phenooryats  of 
felspar,  with  some  quartz  set  in  a  finer  grained  ground  mass,  a 
comparison  of  the  various  types  showing  that  as  the  groundmaa* 
becomes  finer  in  grain,  the  phenocrysts  decrease  in  size. 

Under  the  microscope  the  rock  is  seen  to  consist  of  idio- 
morphic  plagioclase  phenocrysts.  with  occasional  irregular  grains 
of  quartz,  set  in  a  hypidiomorphic  to  granular  groundmass  of 
of  quartz,  plagioclase,  orthoclase.  with  numerous  flakes  of  miotk 
The  felspar  phenocrysts  in  general  show  good  crystallographie 
boundaries,  but  some  are  considerably  corroded.  A  meaaure- 
nient  of  the  extinction  angles  of  one  of  the  phenocrysts,  which 
shows  both  carlsbad  and  albite  twinning,  proved  that  it  waa 
ande&ine  of  the  composition  Ab|.An$  and  therefore  similar 
in  composition  to  the  plagioclasee  of  the  granite.  A  second 
section  which  showed  good  zoning  gave  extinction  angles,  proring 
that  the  central  area  was  an  acid  andesine,  and  that  the  com- 
position ranged  from  this  to  an  acid  oligoclase  on  the  margin. 

The  grcundaiass  consists  of  quartz  felspar  and  mica.  The 
quartz,  which  is  clear  and  colourless,  occurs  in  r  unded  grain*, 
in  which  are  to  be  seen  bubbles  and  included  needles  -:f  apatite. 
The  felspar  in  the  trroundtzLass  seems  to  be  mainly  pU^ioclasex 
bun  *•.  :::e  Sect:  n*  sh.win£  an  entire  absence  of  twinning  are 
probably  orthvlase.  By  the  use  o:  Becke's  method  the  r©> 
fravtive  index  i  the  feisr-ars  is  seen  to  be  generally  abrur  the 
same,  r  l.wer  than  that  of  quartz,  and  higher  than  that  of 
the  canada-balsam.  so  thac  she  feispur*  are  either  andesine  or 
elisociase.  Biocite  is  abundant.  some  be  in*:  quite  fresh.  cr;wn 
in  o»i'  <ir.  and  showing  intense  plevehroisci.  the  rvmaicder  bein^ 
more  r  less  converted  t.«  green  ohl  rite.  Included  m  tho  ?ioc:te 
are  small  ^^y  seals  :f  apatite  and  magnetite.  surrounded  ":y  rleo* 
:hro:c  hal-:s.  M-t^nectte  has  als*-  separated  jut  al«  nc  the  ;•  La* 
Diane*  m  the  chloritLwd  mica. 


The  riartz  -.•  r?  &—!•**  ir«  Virut  ,~y  tv  iar'-v  *.\*ic  jrv*  :a 
colt  ur.  and  *h ■  t  -Qrm  crises  f  -iu;u-r.!  4:id  :V»l>ivr  »  *h  v* 
casbnal  tfak-irs    f  m.-.-a  in    i  dne  .r"*:ned  .rrvuudrruu^    V  ^x-tLon 
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from  the  foot  of  Wild  Dog  Creek  Falls  shows  rounded  and  cor- 
roded crystals  of  quartz,  with  numerous  corroded  felspars  set  in 
a  micro-crystalline  groundmass.  The  felspars  are  very  much 
altered,  some  being  so  much  so  that  it  is  impossible  to  deter- 
mine even  whether  they  are  orthoclase  or  plagioclase.  One  of 
the  less  altered  phenoorysts  is  andesine  approximating  to  the 
composition  Abj.An^  Orthoclase  is  almost  certainly  present,  as 
some  of  the  kaolin i zed  felspars,  showing  not  the  slightest  trace 
of  twinning,  contain  a  micro-perthitio  intergrowth  of  a  fresher 
felspar,  which  is  probably  albite.  Flakes  of  biotite  are  not  un- 
common, some  being  fairly  fresh,  while  others  are  partially  or 
completely  altered  to  a  strongly  pleoohroic  chlorite,  which  gives 
a  change  from  a  brownish  green  to  a  light  whitish  green.  In- 
clusions of  apatite  and  magnetite  are  fairly  abundant.  The 
groundmass  is  granular  and  consists  of  quartz  and  felspar  with 
minute  flakes  of  chloritized  mica.  Using  Beoke's  method  the 
felspar  is  found  to  have  a  refractive  index  lower  than  that  of 
quartz,  and  different  sections  show  refractive  indices  greater, 
equal  to,  and  less  than  that  of  eanada-balsam,  so  that  we  evi- 
dently have  orthoclase  and  an  acid  plagioclase  both  present. 

A  section  cut  from  a  specimen  obtained  from  the  summit  of 
Mount  Samaria,  alongside  the  Trig,  station,  shows  somewhat 
similar  character,  but  is  much  finer  in  the  grain.  The  ground- 
mass  is  felsitic,  and  consists  of  quartz  and  felspar,  with  minute 
flakes  of  mica.  The  felspar  microlites  are  too  small  to  deter- 
mine. Quartz  intensely  corroded  and  embayed,  and  both  ortho- 
clase and  plagioclase  occur  as  phenocrysts.  Flakes  of  mica  are 
fairly  abundant,  and  garnet,  surrounded  by  a  ring  of  chloritized 
mica,  is  present. 

(D). — The  Nomenclature  of  the  Rocks. 

Most  of  the  more  acid  plutonic  rocks  of  Victoria  come  under 
the  head  of  grano-diorite,  as  they  have  basic  felspar  in  excess 
of  the  alkali  felspar.  In  the  rock  described  in  this  paper  the 
orthoclase  is  about  as  plentiful  as  the  plagioclase,  and  moreover 
the  plagioclase  in  this  case  is  andesine  and  not  labradorite,  the 
common  felspar  of  grano-diorite.  Biotite  is  not  nearly  as  abun- 
dant in  this  rock  as  in  the  grano-diorites  of  Harcourt  and  else- 
where. 
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The  name  granitite,  using  it  in  the  English  sense  as  being  a 
granite  having  approximately  equal  amount*  of  orthoolase  and 
plagioclase,  fits  the  description  of  this  rock  exceedingly  well,  the 
only  objection  to  the  name  being  that  it  has  been  used  in  more 
than  one  sense,  and  its  use  therefore  is  likely  to  lead  to  con- 
fusion. 

Harker  does  not  use  the  term  granitite  at  all,  such  rocks  ae 
the  above  being  included  under  the  heading  of  granite.  Kemp 
and  Merrill  also  seem  to  have  dropped  the  term,  while  Rosen- 
busch  uses  it  as  meaning  a  biotite  granite,  that  is,  one  contain- 
ing no  muscovite.  All  things  considered,  therefore,  the  name 
granite  seems  to  be  the  most  suitable  for  this  rock. 

Neither  the  granite  porphyry  nor  the  quartz  porphyry  con- 
forms to  the  description  of  the  normal  types,  as  both  should 
contain  orthoclase  in  excess  of  plajriocla.se,  whereas  the  bulk  of 
the  felspar  in  both  cases,  especially  the  phenocrysts,  belongs  to 
the  soda-lime  series  of  the  plagioclases.  Harker  divides  those 
intrusive  rocks  in  which  quartz  phenocrysts  are  typically  absent 
into  porphyry  and  porphyrite  according  as  the  dominant  por- 
phyritio  constituent  is  an  alkali  felspar,  or  a  soda-lime  felspar. 
Extending  this  definition  to  cover  the  quartz  rich  rocks,  _  we 
would  get  granite-porphyrite,  and  quartz  porphyrite  as  the  names 
for  the  rocks  described  in  thi9  paper.  In  the  absence  of  a 
chemical  analysis,  however,  it  is  very  difficult  to  estimate  the 
relative  proportions  of  the  alkalis  to  the  lime,  especially  as  the 
groundmass  is  fairly  fine  grained,  so  that  pending  such  analyses 
the  names  granite  porphyry  and  quartz  porphyry  had  better  be 
retained.  Furthermore,  the  igneouR  rocks  of  this  area  are  dis- 
tinctly more  acid  than  the  main  mass  of  the  Strathbogie  and 
Toombullup  Ranges,  and  seem  to  represent  an  acid  differentiar 
tion  from  a  grano-dioritic  magma,  and  the  name  quarte-por- 
phyrite  would  be  more  suitably  applied  to  some  of  the  less  acid 
members  of  the  series,  the  rooks  of  this  area  hein#  an  intermediate 
type  between  these  and  the  normal  quartz-porphyry. 

V. — Aob  and  Relations  of  thb  Rocks. 
The    oldest   rocks   in    this    area    are    the    sedimentary   aeries' 
which  have  been  shown  to  be  probably  of  silurian  age.     During 
the  deposition  of  these  beds,  land  surface  existed  a  few  miles  to 
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the  east,  as  we  find  a  series  of  shore-line  conglomerates  occurring 
along  the  eastern  Hank  of  the  Tatong  Hills  and  continuous  with 
these  we  get  the  silurian  conglomerates  which  overlie  the  phos- 
phate beds  at  Mansfield.  The  sedimentary  series  have  been  much 
folded  and  contorted,  and  have  been  intruded  by  the  granites 
and  allied  rocks.  This  intrusion  is  clearly  proved  by  the  well- 
marked  contact  metamorphism  exhibited  in  the  sedimentary 
rooks  near  the  junction  of  the  two  series.  The  presence  of  acid 
veins  from  the  granite  intruded  into  the  silurian  rocks,  gives 
further  evidence  as  to  the  relation  of  the  granite  to  the  sedi- 
mentary rocks. 

This  fixes  the  age  of  the  granites  and  porphyries  as  post- 
silurian,  that  is  if  the  silurian  age  of  the  sediments  be  accepted. 
There  is  no  necessity,  however,  to  depend  solely  on  the  contact 
in  this  area,  as  the  rocks  of  the  Strathbogies  certainly  belong 
to  the  same  series,  and  there  is  no  doubt  that  they  are  intruded 
into  the  silurian,  as  contact  metamorphism  is  very  marked  all 
along  the  southern  boundary  of  the  Strathbogie  massif.  The 
southern  extension  of  the  porphyries  forming  the  Toombullup 
and  Tolmie  Ranges  is  covered  by  sandstones  of  lower  carboni- 
ferous age,  and  there  is  no  sign  of  contact  alteration  in  these 
sandstones,  so  that  the  porphyries  are  undoubtedly  pre-carboni- 
ferous,  and  consequently  belong  to  some  part  of  the  devonian. 

The  lower  devonian  was  a  time  of  intense  earth  movement 
in  Victoria,  and  these  earth  movements  were  accompanied  by 
intrusions  of  igneous  rocks,  so  that  there  is  little  doubt  that 
the  granites,  granite  porphyries  and  quartz  porphyries  of  this 
area  belong  to  the  lower  devonian. 

The  relation  of  the  igneous  rocks  to  one  another  is  exceed- 
ingly interesting.  The  mineral  composition  of  the  various  types 
of  igneous  rocks  in  the  area  shows  that  they  have  been  derived 
from  a  common  magma,  in  which  very  little  differentiation  has 
taken  place.  From  Mount  Samaria  to  the  Broken  River  we  get 
an  ideal  section  illustrating  the  effect  of  pressure  on  a  con- 
solidating magma,  the  increase  of  coarseness  of  grain  of  the 
constituent  minerals  being  to  a  certain  extent  proportional  to 
the  increase  of  pressure  under  which  the  minerals  crystallized. 
Commencing  at  Mount  Samaria  with  a  quartz  porphyry  having 
an  exceedingly  fine  groundmass,  we  pass  to  the  porphyry  at  Wild 
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Dog  Creek  Falls,  having  a  fairly  coarse  granular  groundmau. 
From  this  we  pass  to  a  granite  porphyry,  which  in  itself  showB 
an  increase  of  coarseness  of  grain  as  we  descend  the  hill,  and 
finally  to  the  coarse-grained  plutonic  granite  occurring  along  the 
river  nearly  240Qft.  below  the  summit  of  the  hill. 

In  devonian  time  the  highlands  were  continuous  from  the 
Strath  bogies  across  the  present  valley  of  the  Broken  River  to  the 
Toombullup  Ranges,  and  this  ridge  formed  the  northern  boun- 
dary of  the  basin  in  which  the  carboniferous  sandstones  were  laid 
down. 

So  far  I  have  only  examined  the  carboniferous  sandstones 
sufficiently  to  show  that  they  are  younger  than  the  granites  and 
porphyries  which  underlie  them.  The  age  of  the  conglomerate 
is  extremely  doubtful.  They  are  certainly  post-carboniferous  as 
fragments  of  carboniferous  sandstones  are  present  in  them.  If 
of  alluvial  origin  they  are  probably  of  pliocene  age,  but  if  of 
glacial  origin  they  may  go  back  as  far  as  permo-earboniferous. 
To  the  north  Mr.  A.  E.  Kitson  records  several  patches  of  con- 
glomerates of  glacial  origin  at  Greta,  Taminick  and  Glenrowan, 
and  suggests  that  they  are  possibly  permo-carboniferous  in  age, 
from  their  general  similarity  to  the  conglomerates  of  Bacchus 
Marsh. 

SUITABILITY  OF  AREA  FOR  WaTBR  CoN NERVATION. 

In  considering  the  suitability  of  the  area  for  water  conserva- 
tion purposes  it  is  necessary  to  discuss  the  geological  features 
of  the  area  of  the  reservoir,  the  catchment  area,  and  more  briefly 
the  area  to  be  served. 

The  reservoir  area  is  bounded  on  the  east  and  west  mainly 
by  granitic  rocks  with  some  silurian  sediments  on  the  eastern 
side.  The  south  and  south  westward  boundaries  are  composed 
of  carboniferous  sandstones.  High  level  alluvium  may  border 
portion  of  the  areas  but  if  this  were  stripped  off  it  would  be 
seen  that  the  proposed  reservoir  was  surrounded  on  all  sides 
except  a  narrow  outlet  to  the  north  by  rocks  of  palaeozoic  age. 
This  then  should  give  a  basin  from  which  very  little  soakage 
could  take  place,  the  only  parts  where  slight  loss  might  be  ex- 
pected being  along  the  junctions  of  the  different  series  and  down 
any  fault  and  joint  planes  present  in  the  rocks. 
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The  northern  boundary  of  the  reservoir  would  consist  of  a 
concrete  wall  running  from  the  western  granite  margin  across 
the  river  bed  to  the  granite  at  the  other  side  of  the  bed,  and 
then  continued  by  an  embankment  resting  on  portion  of  the 
conglomerate  beds  unless  it  were  found  necessary  to  run  the 
concrete  wall  right  across  the  northern  end  of  the  reservoir. 
If,  as  seems  probable,  this  conglomerate  is  of  glacial  origin, 
then  there  is  certainly  no  necessity  to  sink  through  these  beds 
in  order  to  let  the  foundations  of  the  concrete  into  bed-rock,  as 
the  conglomerate  itself  would  possess  quite  as  good  holding 
powers  as  the  underlying  granite  and  silurian.  Should  the  con- 
glomerate on  further  investigation  be  proved  to  be  of  glacial 
origin  then  the  loss  by  soakage  through  it  might  be  taken  as 
being  nil,  and  there  could  be  no  doubt  about  the  suitability 
of  the  area  for  a  weir  site. 

On  the  other  hand  there  is  the  possibility  of  the  conglomerate 
turning  out  to  be  due  to  river  action,  and  then  there  would  be 
the  chance  of  a  considerable  loss  by  soakage  unless  the  concrete 
weir  was  let  into  the  underlying  rock.  Further,  there  would 
be  no  comparison  between  the  holding  strength  of  such  a  river 
deposit,  and  a  conglomerate  ol  glacial  origin.  The  sinking  of  a 
single  shaft  through  these  beds  should  settle  definitely  their 
origin  and  give  a  sure  basis  on  which  to  estimate  the  probable 
cost  of  the  weir. 

The  catchment  area  requires  very  little  comment.  The  whole 
area  is  practically  surrounded  by  well-wooded  hills,  and  as  the 
structure  of  the  country  is  similar  to  that  of  the  reservoir  area 
there  would  be  little  loss  of  water,  because  the  water  which  did 
soak  into  tho  ground  on  the  hill  sides  could  find  no  outlet  ex- 
cept into  tho  reservoir.  Shut  in  as  it  is  by  hills  the  loss  of 
water  from  the  reservoir  by  evaporation  would  be  small.  The 
standard  of  purity  of  the  water  should  be  high,  especially  that 
derived  from  Back  Creek  and  Sandy  Creek,  flowing  as  they  do 
mainly  over  pranitio  rocks.  The  water  which  comes  down  the 
main  river  in  flood  time  carries  a  considerable  amount  of  red 
sediment  in  suspension  derived  from  the  carboniferous  rocks, 
but  the  water  contains  very  little  dissolved  matter.  The  area 
to  be  served  is  part  of  the  Murray  Plains,  which  have  apparently 
been  formed  by  the  building  up  of  the  whole  engrafted  Murray 
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be   formation   of  the  coastal   plains  of 
Australia*     This  being  so,  it  follow*  that  this  area  waa  formerly 
part   of  an  exte\  lie  somewhat  irregular  surface 

h*  country  ax  that  time  consisting  of  the  older  p 
rocks  with  only  a  small  proportion  of  alluvium  The  building 
up  of  the  country  would  be  gradual,  and  the  various  streams 
would  constantly  change  their  beds,  so  thai  bands  of  i 
gravel  should  be  found  in  various  parta  <>f  the  alluvial  depot  it 
indicaxlnif  former  stream  channels.  A  considerable  amount  oj 
the  reclamation  would  be  due  to  deposition  of  fine  silt  during 
flood  time*,  an  that  the  general  structure  of  the  alluvial  deposits 
*n>uld  consist  of  irregularly  bedded  clayey  material,  witli 
a  Curses  "  of  coarser  material  formed  along  former  main 
Qoraroe*. 

In  any  channelling  which   migb:   be  required   for  irri? 
pttrpo*e«  it   would  be  necessary  to  guard  asaioat  low  through 
aoakaL'e  into  the  sand  and  gravel  beds.     If  the  structure  be  a* 
radicate  T6  that  there  would  be  an  unequal  distribution 

nderground  water,  as  the  supply  ai  any  place  m 
depend  on  the  surface  contour  of  the  old  peue-plane,  and  on 
the  distribution  of  the  sand  and  gravel  beds  throughout  the 
finer-grained  clayey  material  This  mean*  that  it  will 
follow  that  a  plentiful  supply  of  water  will  be  found  in  any  part 
his  area  because  a  good  well  arista  on  a  neighbouring  farm. 
-  therefore  certain  that  wells  cannot  be  depended  on  to 
give  an  adequate  supply  of  water  over  the  whole  area,  and  this 
country  most  depend  on  targe  dams  or  on  a  supply  derived  from 
some  large  reserves  r, 

SCKMABT. 

1.    Th*.  general  physiography  of  the  area  is  described,  and  ifr 

ed  out  that  Broken  Greek  represents  the  former  main 

coarse  of  the  Broken  Ttivvr.  the  present  bed  of  the  river  from 

^hepparton  being  of  comparatively  recent  oric 

The   geological   sequence  of   the  r  the    proposed 

conservation  area  is  set  out.  particular  i 

Greeted  to  beds  of  coogtomernlsav  ine  origin  of  i  to 

certain  extent  in  doubt. 
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Z>    A  detailed  petrologioal  Rescript  inn 

and  the  nomenclature  of  k&  ib  discussed-     The 

typ-  Mtt-d  wo  granite,  granite  porphyry,  and  quarts  pop- 

pbm, 

4.  The  a^€  ;md  reU&OGA  of  tlte  rocks  of  the*  area  are  shown 
to  present  some  features  of  interest*  especially  the  relatione  of 
the  igneous  rocks  to  one  another. 

r.     I Ihj  Eligibility  of  the  area  for  water  conservation  par] 
is  discussed  from  a  geological  standpoint*  and  it  is  shown  i: 
no  estimate  of  cost  of  coi  m  of  a  weir  can  well  be  made 

until  the  origin  and  nature  of  the  conglomerate  bed  are  decided. 

6,    A  list  of  references  is  jriven. 
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1 . — Introduction. 

Viotorian  geology  abounds  with  problems  for  the  solution  of 
which  conflicting  hypotheses  have  been  proposed  by  different 
observers.  Among  these  controverted  questions  none  is  of 
greater  interest  and  importance  than  the  one  with  which  this 
paper  is  concerned,  and  few  present  greater  difficulties  in  the  way 
of  a  completely  satisfactory  solution. 

The  problem  may  be  stated  briefly  to  be  the  origin  and  age 
of  certain  basic  and  acid  igneous  rocks,  their  relations  to  oberty 
and  jasperoid  series,  which  generally  accompany  them,  and  the 
relations  of  all  the  above  to  the  Silurian  and  to  the  Ordovician 
rocks  of  the  district. 

The  work  of  mapping  the  area  presents  considerable  difficulty, 
as  over  a  considerable  part  of  the  district  rock-junctions  are 
hard  to  find,  and  when  found  the  relations  of  the  rocks  to  one 
another  are  not  easy  to  interpret.  Furthermore  both  igneous 
and  sedimentary  rocks  have  in  places  been  so  altered  that  it  is 
not  surprising  that  different  observers  have  interpreted  the 
geology  in  different  ways.  Microscopic  examination  of  the  rocks 
helps  considerably  in  following  the  interesting  series  of  meta- 
morphio  and  metasomatic  changes  which  the  rocks  have  under- 
gone, but  partly  as  a  consequence  of  these  changes  some  of  the 
questions  which  ordinarily  an  appeal  to  the  microscope  would 
have  settled,  remain  to  some  extent  unsolved. 
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Heathcote  lies  about  74  miles  north  of  Melbourne,  on  the 
Bendigo  road,  and  within  the  valley  of  the  Mclvor  Creek.  The 
field  observations  in  this  paper  are  the  outcome  of  several  visits 
to  the  district.  I  have  been  assisted  in  my  observations  by  my 
assistants,  Mr.  H.  J.  Grayson  and  Mr.  H.  S.  Summers,  M.Sc,  and 
during  one  visit  of  four  days  by  the  members  of  the  Geological 
class  of  the  University  of  Melbourne.  The  area  visited  extends 
from  Photograph  Knob,  in  S.  Heathcote,  on  the  south,  to  a  little 
beyond  Lady's  Pass,  in  Dargile,  on  the  north.  The  junctions 
of  the  Ordovician  rocks  with  the  cherts  and  with  the  igneous 
rooks  in  this  area,  have  been  carefully  examined  in  the  field, 
collections  of  the  rocks  have  been  made,  and  about  80  rock 
sections  have  been  examined.  Both  in  the  field  and  in  the 
laboratory  the  hypotheses  and  evidence  of  previous  workers  have 
been  examined  in  conjunction  with  my  own  observations. 
Further  work,  over  a  more  extended  area'  is  necessary 
before  all  the  obscure  questions  in  Heathcote  geology  can  be 
resolved.  In  this  communication  certain  questions  raised  in 
previous  papers  are  reviewed,  a  number  of  hitherto  unrecorded 
observations  are  set  out,  and  their  bearing  on  earlier  evidence 
and  hypotheses  is  considered.  I  hope  at  a  later  date  to  deal 
with  the  evidence  from  the  Northern  and  the  Southern  extensions 
of  these  rocks,  and  meanwhile  offer  this  paper  as  a  contribution 
of  facts  and  of  tentative  conclusions  from  them,  which  it  is 
hoped  will  be  of  some  service  towards  the  solution  of  the  prob- 
lems of  the  district. 

2 . — Previous  Literature. 

1.  GeoL  Sketch  Map  of  Victoria,  by  Selwyn,  1866.  The  rocks 
of  the  Heathcote  district,  apart  from  Lower  and  U.  Silurian, 
were  marked  as  trap  and  described  (p.  172)  as  dykes. 

2.  Descriptive  Catalogue  of  the  Rock  Specimens  and  Minerals 
in  the  National  Museum,  Melbourne,  by  Selwyn,  1868.  On  page 
16  the  rock  from  Mt.  Camel  was  described  as  diabase,  but  in  the 
list  of  errata  the  name  was  changed  to  diorite,  as  the  ferro- 
magnesian  mineral  was  identified  as  hornblende,  and  not 
pyroxene.  On  p.  18  the  substance  named  "  Selwynite/'  then 
regarded  as  a  mineral,  was  described  as  "  in  a  vein  in  the  U. 
Silurian  rocks,"  indicating  Selwyn's  view  that  the  basic  rocks 
were  intruded  in  post  Silurian  times. 
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3.  Dunn,  E.  J.  "  Notes  on  the  Geological  Features  of  Heath- 
cote and  Neighbouring  Parishes."  Quarterly  Rep.  Min.  Dep. 
Victoria,  Dec.  31st,  1888,  pp.  76-77.  In  this  paper  Mr.  Dunn 
briefly  described  the  rock  series.  The  granitic-like  rocks  he  re- 
garded as  syenite  .  .  .  "schistose  beds,  in  part  serpen- 
tinous,  are  exposed  in  the  railway  cutting  south  of  the  town. 
Decomposed  intrusive  rock  is  abundantly  represented  in  them. 
.  .  .  A  boss  of  intrusive  rock  (greenstone)  occurs  on  the 
south  side  of  the  creek,  and  about  a  mile  west  of  the  post  office." 
Mr.  Dunn  stated  that  oarbonate  of  magnesia  is  abundant  in 
botryoidal  masses  in  the  older  Silurian  (Ordovioian)  rocks.  A 
reef  worked  1  mile  S.  20  deg.  W.  of  Tooboorac,  according  to  Mr. 
Dunn,  is  in  highly  altered  Silurian  (Ordovician)  rocks  (micaceous 
sandstones). 

4.  In  a  letter  sent  to  the  Mines  Department  on  July  6th,  1891, 
but  only  recently  published  (Records  Geol.  Surv.  Victoria,  Vol. 
II.,  Part  I.,  1907),  Mr.  Dunn  asserted  the  pro-Silurian  (pre- 
Ordovioian)  age  of  some  of  the  Heathcote  rooks.  He  says  :  "  The 
formation  is  of  pre-Silurian  age,  and  the  beds  of  which  it  con- 
sists comprise  highly  silicious  and  jaspideous  rocks,  very  talcose 
splintery  schists,  tufaceous  deposits,  quartzite  and  ancient  vesi- 
cular basalts,  onoe  surface  flows  but  now  intercalated  with  other 
strata."  Mr.  Dunn  then  suggested  that  these  rocks  have  marked 
resemblances  to  the  rocks  of  the  Te  Anau  series  in  New  Zealand. 

5.  Lidgey,  E.  "Notes  on  Quarter  Sheet,  No.  80,  N.W.— 
Parishes  of  Dargile,  Heathcote,  Costerfield  and  Knowsley."  Prog. 
Rep.  Geol.  Surv.  Victoria,  No.  VIII.,  1894,  pp.  44-46.  Mr. 
Lidgey  described  the  Metamorphio  rooks  as  consisting  of  "  basic 
lavas  and  amygdaloidaJ  rocks,  tuffs,  agglomerates,  varieties  of 
jasper,  cherty  rocks,  and  talcose,  and  chloritic  schists."  In  the 
description  of  the  Lower  Silurian  (Ordovioian)  rocks  he  recorded 
the  finding  of  trilobite  fragments  in  a  micaceous  mudstone  from 
a  paddock  marked  3N.,  T.  Blake,  in  the  parish  map  of  Knowsley 
East.  He  further  noted  that  some  of  the  Silurian  conglomerates 
contained  pebbles  of  the  metamorphic  rocks. 

6.  Etheridge,  2?.,  Junr.  "  Evidence  of  the  existence  of  a 
Cambrian  Fauna  in  Victoria"  Proo.  Roy.  Soc.  Victoria,  new  ser., 
Vol.  VIII.,  1896,  pp.  52-56,  pi.  1.  Mr.  Etheridge  examined 
the  trilobite  fragments  collected  from  Knowsley  East,  described 
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a  form  by  the  name  of  Dinesus  id  a,  and  referred  it  to  the  Cam- 
brian series. 

7.  The  above  paper  is  also  referred  to  in  Mon.  Prog.  Rep. 
GeoL  Surv.  Victoria,  No.  11,  1900,  p.  26. 

8.  Howitt  >  A.  W.  "  Notes  on  Diabase  and  adjacent  forma- 
tions of  the  Heathoote  District."  Special  Rep.  Dep.  Mines,  Vic- 
toria, 1896;  16  pp.,  3  pi.  aiid  maps  [with  appendix  bv  E.  Lidgey, 
P- 15]. 

Mr.  Howitt  described  the  more  acid  igneous  rocks  as  plagio- 
clase  aplites  and  felspar  porphyrites,  and  the  more  basic  rocks 
as  hornblende  diorites,  and  varieties  of  diabasic  rocks,  including 
diabase  porphyrites,  compact  diabase,  diabase  schists,  breccias 
and  extremely  altered  rocks.  To  some  of  these  altered  rocks  he 
applied  the  term  spilite,  and  he  noted  that  in  the  "regenerated 
rocks  "  the  original  structure  of  the  rock  has  been  more  or  less 
completely  lost,  and  replaced  by  calcite,  quartz  and  epidote,  and 
in  other  cases  the  rock  now  consists  entirely  of  actinolite.  The 
cherty  rocks  were  regarded  by  Mr.  Howitt  as  having  been  pro- 
duced by  the  alteration  of  Lower  Silurian  (Ordovician)  shales  by 
the  intrusion  first  of  the  diabase,  and  later  of  the  granitic  rocks. 
The  general  characters  of  these  cherty  rocks  reminded  Mr.  Howitt 
of  adinoles,  although  he  pointed  out  that  an  analysis  made  of 
one  of  the  cherty  rocks  showed  a  much  higher  silica  and  a  much 
lower  soda  percentage  than  is  characteristic  of  the  typical 
adinoles.  Mr.  Howitt  suggested  by  analogy  with  other  areas  in 
Victoria,  that  the  probable  age  of  the  intrusion  of  the  igneous 
rocks  was  the  close  of  the  Silurian  or  the  earlier  part  of  the 
Devonian  period. 

Mr.  Lidgey,  in  an  appendix  to  Mr.  Hewitt's  paper,  withdrew 
hia  previous  opinion  that  the  diabases  were  lava  flows  inter- 
bedded  with  the  Ordovician  series,  and  agrees  with  Mr.  Howitt 
that  they  were  intrusive,  and  have  altered  the  Ordovician  sedi- 
ments for  a  distance  of  2  to  15  chains  from  the  diabase  contact. 
With  Mr.  Howitt's  paper  are  included  a  general  geological  map 
of  the  area  on  a  scale  of  2  miles  to  an  inch,  and  four  smaller 
maps  of  parts  of  the  area  on  the  scale  of  2  inches  to  a  mile. 
The  names  of  the  Geological  surveyors  are  not  given,  but  I 
gather  that  Mr.  0.  A.  L.  Whitelaw  mapped  the  small  area,  in- 
cluding  the   parish  of   Heathcote,    and   that  Mr.    Lidgey    was 
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responsible  for  the  general  map  and  the  remaining  three  smaller 
areas. 

9.  Ferguson,  W.  H.  "  Report  on  an  area  of  Cambrian  rocks 
at  Heathcote.',  Monthly  Prog.  Rep.  GeoL  Surv.  Victoria,  No.  2, 
1899,  pp.  23-25,  1  pi.  Mr.  Ferguson  denned  on  a  sketch  geolo- 
gical map  the  boundaries  of  the  beds  containing  the  Dinesus 
fauna,  adopting  as  their  upper  and  western  boundary  with  the 
Ordovician  a  thin  bed  of  "  brecciated-conglomerate."  Ferguson 
stated  that  the  trilobites  were  found  in  block  3.I.,  parish  of 
Knowsley  East. 

10.  T.  S.  Hall.  "Supposed  Graptolites  from  Heathcote." 
Mon.  Prog.  Rep.  Geol.  Surv.  Victoria,  No.  11,  1900,  p.  26.  Mr. 
Hall  was  unable  to  identify  with  certainty  any  of  the  remains 
submitted  to  him.  He  stated  that  graptolites  of  the  Bryograptus 
type  were  probably  present. 

11.  Gregory,  J.  W.  "The  Heathcotian,  a  Pre-Ordovician 
Series,  and  its  Distribution  in  Victoria."  Proc.  Roy.  Soc.  Vic- 
toria, Vol.  XV.  (New  Series),  Pt.  n.,  1903,  pi.  4.  Professor 
Gregory  discussed  the  previous  literature,  examined  further  trilo- 
bite  remains  from  Knowsley  East,  and  showed  that  the  original 
Dinesus  described  contained  two  genera.  The  new  genus  he 
named  Notasaphus,  and  suggested  that  the  Dinesus  beds  be  in- 
cluded in  the  Ordovician,  as  its  lowest  representative  along  the 
Heathcote  line.  He  agreed  with  Mr.  Howitt  in  the  determination 
of  most  of  the  rocks,  but  Mr.  Howitt's  "  adinoles  "  he  described 
as  black  cherts  and  the  aplite  of  Mr.  Howitt  he  regarded  as  fine- 
grained grano-diorite.  He  recorded  fragments  of  diabase  from 
the  Silurian  quartzites  near  the  "  Copper  mine,"  and  hence  re- 
garded the  diabases  as  pre-Silurian.  The  relations  of  the  cherts, 
schists  and  diabase  with  the  Ordovician  rocks  are  discussed, 
and  he  regarded  the  series  as  of  pre-Ordovician  age.  This  view 
was  based  partly  upon  his  field  observations  and  petrographio 
work,  but  also  largely  on  the  evidence  of  the  geological  mapping 
of  the  district,  and  on  the  absence  of  dykes  intrusive  into  the 
Ordovician  series. 

Prof.  Gregory  claimed  that  "  Heathcotian  rocks "  of  pre- 
Ordovician  a£e  occur  also  at  Dookie,  under  the  Silurian  rocks 
of  Rushworth,  W.  and  N.W.  of  Geelong  in  the  valleys  of  the 
Barwon  and  the  Moorabool,  at  Mt.  Stavely  in  W.  Victoria,  prob- 
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ably  also  at  Waratah  Bay,  C.  Liptrap,  and  possibly  on  the 
Howqua  River.  He  explained  the  distribution  of  the  Ordovician 
and  Silurian  rocks  of  Viotoria  in  relation  to  an  old  Heathcotian 
land  surface  stretching  across  Victoria,  and  in  conclusion  sug- 
gested a  subdivision  of  the  Silurian  rocks  of  Victoria  into  an 
upper,  or  Yeringian,  and  a  lower,  or  Melbournian,  series. 

The  following  papers  do  not  deal  with  the  Heathcote  district, 
but  the  authors  correlate  or  contrast  some  of  the  rocks  described 
with  the  typical  "  Heathcote  "  series. 

12.  Stirling,  James.  "Report  on  Examination  of  Reefs  at 
Howqua  Valley."  ■Quarterly  Rep.  Min.  Registrar,  Victoria,  June 
30th,  1888,  p.  70.  In  this  brief  report  Mr.  Stirling  states  that 
Malcolm's  reef  is  situated  at  Malcolm's  Creek,  about  one  mile 
above  its  junction  with  Lick-hole  Creek.  It  occurs  in  a  dense  blue 
crystalline  rock,  like  certain  massive  diorites.  # 

13.  Stirling,  James.  "Preliminary  report  on  the  Geology  of 
Dookie  District,"  with  map  and  two  sketch  sections,  ibid.  pp.  76- 
77.  Mr.  Stirling  described  the  structure  as  follows :  — "  The 
rocks  are  mainly  U.  Silurian  sediments,  intruded  upon  by  certain 
diorites,  gabbros,  etc. ;  the  latter  have  in  most  cases  effected 
induration  or  hardening  of  the  former  along  the  contacts,  and  in 
some  places  have  caused  segregations  of  iron  ore,  chiefly  car- 
bonates and  oxides.  .  .  .  Near  Dookie  College,  ascending 
the  S.W.  slopes  of  Mount  Major,  the  sediments  are  indurated, 
the  sandstones  become  flinty  and  converted  into  hornfels.  .  .  . 
Towards  tho  summit  of  the  hill  outcrops  of  hard  silicious  rocks 
are  seen  to  be  commingled  with  irregular  bands  of  ironstone." 

14.  Ferguson,  W.  H.  "  Report  on  Sketch  Survey  of  Eastern  Por- 
tion of  County  of  Moira."  Monthly  Prog.  Rep.  Geol.  Surv.  Vic- 
toria, No.  10,  Jan.,  1900,  p.  10.  The  altered  rocks  of  Dookie  arc 
regarded  by  Mr.  Ferguson  as  quite  distinct  from  the  Silurian 
rocks  or  their  metamorphosed  representatives.  They  consist  of 
cherts,  quartzites,  talcose  schists,  and  ironstone  and  quartz  rocks. 
Diorites  and  other  eruptive  rocks  cover  large  areas.  The  dis- 
trict is  traversed  by  a  great  number  of  dykes. 

15.  E.  J.  Dunn.  The  Settlers'  Guide,  Victoria,  1905,  p.  60. 
To  a  pre-Ordovician  (Heathcotian)  age  Mr.  Dunn  refers  the  rocks 
of  Heathcote  and  Mansfield,  and  says  minor  outcrops  occur  in 
several  other  areas.     Black  slates  on  the  Divide    west   of  the 
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Macallister  River,  and  the  "  black  slates "  of  Hedi  are,  according 
to  Mr.  Dunn,  probably  referable  to  the  pre-Ordovioian.  On  the 
map,  besides  the  Heathcote  and  Mt.  Stavely  areas,  a  narrow  strip 
east  of  Walhalla  is  included  in  the  Heathcotian  series. 

16.  Howitt,  A.  M.  "  Report  on  the  Edi-Myrrhee  Turquoise 
Belt  and  the  Chert  and  Jasper  Beds  near  Tatong,  County  of 
Delatite,  with  Plan."  Rec.  Geol,  Surv.  Victoria,  Vol.  L,  Pt.  4, 
1906,  p.  239.  Mr.  Howitt  described  the  series  of  cherts,  jaspers, 
etc.,  occurring  in  the  district,  and  on  lithologioal  grounds  clamed 
them  as  Heathcotian. 

17.  Howitt,  A.  M.  li  Reports  on  the  Phosphate  of  Alumina 
Beds  near  Mansfield,  County  of  Delatite,"  with  plan  (Plate 
xxvii.),  ibid.  pp.  245-247.  On  p.  246  Mr.  Howitt  states :  "  In 
allotment  16a  and  16b,  parish  of  Loyala,  phosphatio  beds  are  as- 
sociated with  black  and  green  cherts  containing  fragments  of 
trilobites  and  brachiopods."  Mr.  Howitt  compared  these  with 
the  Heathcotian  series. 

18.  Dunn,  E.  J.  "  The  Iron  Mask  Ferro-Manganese  Mine, 
near  Buchan,  E.  Gippsland."  Reo.  Geol,  Surv.  Victoria,  Vol.  II., 
Part  2,  1907,  p.  49.  Mr.  Dunn  stated  that  Heathcotian  rooks 
are  probably  represented  near  this  locality.  Further  on  he 
said :  "  Five  miles  on  a  road  east  of  south  from  Buchan  is  a 
ridge  running  northerly  from  a  portion  of  the  Mt.  Tara  Range. 
.  .  .  Here  occur  ferruginous,  highly  siliceous  beds  approach- 
ing jasper,  in  cherts,  probably  Heathcotian." 

19.  Dunn,  E.  J.  "  The  Mt.  Tara  Goldfield,  E.  Gippsland." 
ibid.  p.  46.  Cherty  rocks  which  occur  at  the  Taedato  Creek 
gold  workings  are  claimed  by  Mr.  Dunn  as  being  of  Heathcotian 
age. 

20.  Dunn,  E.  J.  "  Red  Jasper  in  the  Heathcotian  rocks  of 
Tooleon."  ibid.  p.  81.  These  are  met  with  on  the  main  road 
to  Rush  worth,  and  have  been  traced  over  an  outcrop  of  half  a 
mile  in  length  and  one  chain  in  width,  and  are  associated  with 
an  ancient  igneous  rook. 

21.  Dunn,  E.  J.  "  General  Geological  notes  on  the  country 
between  Omeo  and  Limestone  Creek,  County  of  Benambra." 
ibid.  p.  131.  Two  and  a-half  miles  W.  30  deg.  N.  of  the  hut  on 
Limestone  Creek,  silicified  schists  permeated  with  quartz  veins 
were  met  with,  and  striking  N.  30  deg.  E.     They  present  a  strong 
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resemblance  to  the  Heathootian  series.  About  four  miles  N. 
20  deg.  W.  from  the  hut  on  the  Limestone  Creek,  near  the  head 
of  Horseyard  Creek,  occurs  a  band  of.  red  jasper  rooks  interbedded 
with  green  schists. 

22.  Dunn,  E.  J.  "On  Mt.  Wellington  Corundum."  "Mining 
Standard,"  October  16th,  1907.  Mr.  Dunn  briefly  describes  the 
relations  of  the  corundum  to  the  serpentine  area  and  the 
relations  of  the  serpentine  with  the  U.  Ordovician  shales. 

23.  Hall,  T.  S.  "Excursion  to  Mt.  William,  Lancefield." 
"Victorian  Naturalist,"  Vol.  XXV.,  No.  1,  May,  1908,  pp.  9-11. 
In  this  account  Dr.  Hall  records  the  silicifioation  of  the  shales  of 
the  Lancefield  beds  near  the  disused  Mt.  William  railway  station, 
and  states  that  the  shales  high  up  on  the  flanks  of  Mt.  William 
are  much  indurated,  and  are  succeeded  by  diabase  or  green- 
stone. He  says:  "There  can  be  but  little  doubt  that  the 
Ordovician  is  older  than  the  diabase,  and  has  been  silicified  by 
its  intrusion." 

24.  Summers,  H.  S.  "  On  the  Cherts  and  Diabases  of  Ta- 
tong."  Read  at  Roy.  Soc.  Victoria,  April,  1908,  and  published 
in  this  volume.  Mr.  Summers  discussed  the  relations  of  the 
cherts  and  diabases  in  this  area,  which  had  been  previously  parti- 
ally described  by  Mr.  A.  M.  Howitt,  of  the  Geological  Survey  of 
Victoria.  He  showed  that  the  cherts  were  in  places  clearly  in- 
terbedded with  unaltered  sediments  mapped  by  Mr.  Howitt  as 
Ordovician  on  lithological  grounds. 

25.  Thiele,  E.  0.  Read  at  Roy.  Soc.  Victoria,  May,  1908,  and 
published  in  this  volume.  Mr.  Thiele  in  a  previous  paper  (Vic.  Nat., 
vol.  xxii.,  1905,  p.  24)  had  recorded  the  finding  of  U.  Ordovician 
graptolites  in  black  shales  closely  associated  with  the  Serpentine 
area,  near  Mt.  Wellington.  In  this  paper  he  discusses  fully  the 
relations  of  the  Serpentine  to  the  sedimentary  rocks  of  the  dis- 
trict, and  demonstrates  that  some  of  the  black  cherts  which  occur 
near  the  Serpentine  contain  recognisable  U.  Ordovician  grap- 
tolites. The  silicification  of  the  shales  4s  thus  shown  to  be  of 
post  U.  Ordovician  age. 

3. — Discission  of  Previous  Literature. 

The  foregoing  list  of  papers  shows  that  the  literature  on  the 
Heathcote  and  apparently  related  districts  is  a  lengthy  one.    My 
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first  visit  to  Heathcote  for  various  reasons  was  deferred  till 
February,  1908,  but  during  the  last  three  years  I  have  made 
myself  familiar  with  the  most  important  papers  on  the  district, 
and  their  perusal  left  me  in  doubt  as  to  the  balance  of  evidence 
adduced  in  favour  of  the  pre-Ordovician  and  post-Ordovician 
hypotheses  respectively  of  the  age  of  the  cherts,  diabases  and 
granite  rocks  of  the  district.  At  the  same  time  various  points 
of  criticism  suggested  themselves  as  to  which  special  examination 
in  the  field  and  with  the  microscope  might  be  expected  to  be 
fruitful  in  results. 

The  age  of  the  older  sediments  has  been  the  subject  of  debate, 
as  Mr.  Etheridge  described  the  Dinesus  as  a  Cambrian  form, 
while  Prof.  Gregory  has  shown  reasons  for  including  the  beds  con- 
taining the  trilobites  with  the  Ordovician  as  its  basal  member. 
The  age  of  the  normal  older  sediments  is  recorded  as  Ordovician 
on  litholojjical  grounds,  as  no  fossils  had  been  found  in  them. 
No  real  objection  can  be  taken  to  this  view,  because  at  various 
points  in  the  field  they  are  recorded  as  succeeding  the  Dinesus 
beds,  show  similar  dips  and  strikes,  and  are  only  separated  from 
them  by  a  narrow  brecciated  conglomerate  a  few  inches  in  thick- 
ness. 

The  great  stratigraphical  problem  is,  of  course,  the  relations  of 
the  cherts,  jasperoids,  diabases,  and  granitic  rocks  to  one  another 
and  to  the  normal  Ordovician  sediments,  and  apart  from  the 
geological  mapping  the  most  important  contributions  are  the 
paper  by  Mr.  Howitt,  in  which  the  post-Ordovician  age  of  the 
diabases  and  granitic  rocks  is  asserted,  and  those  of  Mr.  Dunn 
and  Professor  Gregory,  in  which  a  pre-Ordovician  age  is  claimed 
for  the  igneous  rocks  and  cherts.  Mr.  Dunn's  first  paper  in  1888 
is  purely  descriptive,  and  does  not  deal  with  the  relative  ages  of 
the  rocks.  In  his  letter  to  the  Mines  Department,  in  1891,  how- 
ever, he  definitely  states  the  pre-Silurian  (pre-Ordovician)  age  of 
the  cherty  and  igneous  series.  It  is  difficult  to  discuss  Mr. 
Dunn's  communication,  because  he  does  not  present  the  evidence 
on  which  he  based  his  claim  for  the  pre-Ordovician  age  of  the 
rocks,  but  his  view  was  evidently  based  on  considerable  work 
in  the  district,  since  he  states  (Rec.  Geol,  Surv.  Victoria,  Vol.  II., 
Part  II.,  1907,  p.  81),  that  he  had  mapped  the  rocks  of  the  area 
and  sent  the  map  to  the  Mines  Department  in  1892,  but  that 
the  map  had  been  lost. 
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Mr.  Howitt  s  paper  bears  evidence  of  most  careful  penological 
examination  of  the  rocks,  and  his  examination  led  him  to  the 
conviction  that  many  of  the  rocks  were  of  an  intrusive  character. 
This  view  he  tested  in  the  'field.  Mr.  Lidgey  was  then  mapping 
the  area,  and  had  come  to  the  conclusion  that  the  diabase  was 
interbedded  with  metamorphosed  Silurian  (Ordovician)  sedi- 
ments. Mr.  Howitt  got  Mr.  Lidgey  to  re-examine  the  evidence  in 
the  field,  and  as  a  result  of  this  he  found  evidence  of  alteration 
in  the  Ordovicians.  The  nature  of  the  alteration  of  the  Ordo- 
vician relied  on  by  Mr.  Howitt  was  first  a  bleaching  of  the  sedi- 
ments by  the  elimination  of  organic  matter,  then  molecular  re- 
arrangement, and  in  extreme  cases  silicification  to  "  adinoles " 
with  over  90  per  cent,  of  Silica. 

While  the  intrusive  character  of  some  of  the  igneous  rocks  was 
placed  beyond  a  doubt  by  Mr.  Howitt's  petrological  work,  I  think 
the  evidence  given  of  contact  alteration  by  the  diabase  was  of  a 
less  convincing  character.  For  instance,  he  does  not  discuss  the 
evidence  of  the  maps  published  with  his  paper,  in  which,  while 
cherts  are  shown  between  the  diabase  and  Ordivician  in  some 
places,  in  others  unaltered  Ordovician  is  shown  on  the  maps  in 
contact  with  diabase,  regarded  by  Mr.  Howitt  as  intrusive.  Fur- 
ther, the  silicification  of  sediments  to  cherts,  as  the  result  of 
intrusions  of  diabase,  is  a  distinctly  unusual  type  of  purely 
contact  metamorphism,  which  would  seem  to  merit  some  discus- 
sion, especially  as  among  the  altered  diabases  he  records  silicified 
rocks.  However,  the  feature  noticed  by  Mr.  Howitt  south  of  Mt. 
Camel  that  the  Ordovician  rocks  which  are  silicified  become  less 
so  away  from  the  contact,  is  certainly  significant. 

Mr.  Howitt's  view  that  the  intrusion  of  the  igneous  rocks 
occurred  probably  in  Devonian  times  appears  to  have  been  based 
upon  analogy  with  the  age  of  other  intrusive  masses,  and  not 
upon  definite  field  evidence.  Less  weight,  therefore,  attaches 
to  this  view  than  to  his  conclusions  as  to  the  relations  of  the 
igneous  rocks  to  the  Ordovician  series,  especially  as  Lidgey 
reported  the  occurrence  of  nietamorphic  rocks  in  the  Silurian 
conglomerates  of  Mt.  Ida.  Professor  Gregory's  paper,  in  which 
he  supports  Mr.  Dunn's  view  of  the  pre-Ordovician  age  of  the 
cherts  and  igneous  rocks,  is  of  a  very  suggestive  and  far-reach- 
ing character. 
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In  discussing  the  relations  of  the  Heathcote  rocks  to  the 
Silurian,  Prof.  Gregory  records  fragments  of  diabase  in  the 
matrix  of  the  basal  Silurian  rocks  of  the  Copper  mine.  This, 
together  with  Lidgey's  record  of  pebbles  of  metamorphic  rock 
in  the  Silurians,  certainly  indicates  a  pre-Silurian  age  for  the 
diabase  and  cherts. 

The  evidence  which  Prof.  Gregory  quotes  of  the  relations  of  the 
diabase  to  the  Ordovician  is  of  a  less  direct  character.  He 
states  that  in  places  he  found  no  evidence  of  alteration  at  the 
contact.  At  Red  Hill,  where  schistose  rocks  occur  between  the 
diabase  and  unaltered  Ordovician,  he  was  unable  to  find  either 
a  sharp  junction  or  a  passage  from  schists  to  Ordovician,  but  on 
microscopic  examination  was  always  able  to  say  whether  a  rock 
belonged  to  the  schistose  or  to  the  Ordovician  series.  It  seems 
to  me  that  these  determinations  under  the  microscope  should  be 
interpreted  very  cautiously  where  the  field  evidence  is  not  clear, 
inasmuch  as  two  sections  cut  from  rocks  of  the  same  series  might 
easily  present  very  different  microscopic  characters  if  one  were 
unaltered  and  the  other  highly  altered. 

On  p.  161  Prof.  Gregory  refers  to  Craven's  paddock,  in 
Knowsley  parish,  allotment  32,  where  he  says :  "  The  two  rocks 
can  be  well  seen  in  contact  close  along  the  eastern  fence.  Here, 
as  elsewhere,  the  junction  between  the  hard  cherts  of  the  meta- 
morphic series  and  the  normal  slates  and  sandstones  of  the 
Ordovician  series  can  be  clearly  recognised."  The  statement 
of  locality  is  almost  certainly  a  misprint  for  Knowsley  East, 
as  the  diabase  series  does  not  occur  in  Knowsley.  The  name 
of  Craven  does  not  appear  on  the  map,  and  allotment  32  does 
not  occur  along  the  line  of  the  metamorphic  or  diabasic  rocks. 
The  number  of  the  allotment  is  probably  wrongly  stated,  and 
this  is  unfortunate,  as  Professor  Gregory's  statement  implies  the 
occurrence  of  a  discontinuity  at  this  point  between  the  cherts 
and  the  normal  Ordovician. 

Professor  Gregory  comments  on  the  absence  of  dykes  from 
the  igneous  rocks  intruding  the  Ordovician  and  Silurian  rocks, 
and  regards  this  as  import  ant  negative  evidence  of  the  pre- 
Ordovician  age  of  the  igneous  rocks.  He  lays  great  stress  on  the 
evidence  afforded  by  the  geological  maps,  which  he  claims  is  in- 
consistent with  the  view  of  Mr.  Howitt  that  the  igneous  series  is 
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post  Ordovician,  and  proves  that  the  Ordovicians  are  resting  un- 
conformably upon  the  cherts  and  diabases.  In  several  of  the 
cases  mentioned  by  Prof.  Gregory  he  did  not  verify  the  map- 
ping. From  among  a  number  two  cases  may  be  cited.  From 
the  northern  boundary  of  the  Heathcote  parish  diabase  is  shown 
in  contact  with  the  Ordovician  for  two  and  a-half  miles  to  the 
west  of  the  northern  end  of  the  township,  and  along  the  whole 
of  this  line  no  metamorphio  rocks  are  shown  between  the  Ordo- 
vician and  diabase  series. 

In  S.  Heathcote,  again,  a  patch  of  metamorphic  rocks  is  shown 
in  allotments  Nos.  15  and  16,  where  a  bay  represented  on  the 
map  as  unaltered  Ordovician  runs  up  between  the  diabase  on  the 
north  and  an  intrusion  of  Felspar  porphyrite  on  the  south-east 

It  must  be  admitted  that  the  simplest  explanation  of  the  map- 
ping at  the  latter  point  is,  as  Prof.  Gregory  stated,  that  the 
Ordovician  rests  unconformably  upon  the  cherts  and  diabases* 
It  seemed  to  me  to  be  a  case  where  the  field  evidence  should  be 
closely  examined.  All  the  other  cases  mentioned  by  Prof. 
Gregory  seem  to  me  to  be  susceptible  of  an  alternative,  if  less 
simple,  explanation.  It  is  admitted  that  in  the  areas  mapped  as 
diabase  there  occur  intrusive  rocks,  lava  flows  and  fragments! 
rocks  (agglomerates,  etc.).  Apart  from  the  question  of  the 
mapping  accurately  representing  the  relations  of  the  rocks,  we 
have  then  the  possibility  that  the  apparently  capricious  distribu- 
tion of  cherty  rocks  might  stand  in  relation  to  the  proximity  of 
intrusive  rocks,  and  that  the  appearances  claimed  by  Prof. 
Gregory  of  the  unaltered  Ordovician  resting  unconformably  on 
the  diabase  might  be  explained  by  the  overlapping  of  lava  flows 
of  diabase  or  diabase  tuffs  over  different  members  of  the  Ordo- 
vician series.  In  this  way  it  would  be  possible  to  explain  the 
absence  of  alteration  in  certain  parts,  as  recorded  on  the  map. 
Mr.  Howitt's  evidence,  and  especially  the  variability  of  silicifica- 
tiun  of  the  Ordovicians  with  the  distance  from  the  diabase,  was  in 
apparent  conflict  with  that  adduced  by  Prof.  Gregory.  Much 
of  the  latter  is,  as  he  notes,  of  a  negative  character,  and  the  posi- 
tive evidence  is  possibly  susceptible  of  another   interpretation. 

I  felt  that  neither  view  was  so  firmly  based  but  that  further 
evidence,  especially  of  a  positive  character,  if  available,  would 
serve  to  strengthen  one  or  other  of  the  rival  views.     I  therefore 
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entered  on  field  work  in  the  district  with  the  intention  of 
examining  the  field  evidence  as  closely  as  the  time  at  my  dis- 
posal would  permit.  My  attention  was  largely  directed  to  the 
relations  of  the  igneous  rocks  to  the  Ordovicians,  and  to  the 
black  cherts,  and  I  paid  particular  attention  to  the  areas  above 
cited,  and  notably  the  occurrences  at  S.  Heathcote,  just  north 
of  Photograph  Knob,  and  now  present  the  results  of  my  investi- 
gations. • 

4. — Relations  op  the  Igneous  Rocks  to  the  Silurian  Series. 

S.  Heathcote. — Behind  and  for  some  distance  to  the  north-west 
of  the  S.  Heathcote  Hotel,  silicined  and  chertified  diabase,  and  in 
places  a  mixed  selwynite  and  carbonate  rock  occurs,  forming  the 
western  boundary  of  the  Mclvor  Creek.  The  Silurian  rocks, 
mainly  sandstones  and  quartzites,  outcrop  on  the  opposite  side  of 
the  creek,  and  just  below  the  hotel  are  seen  in  section  in  the 
stream,  near  where  scheelite  was  found  some  years  ago.  No  actual 
contact,  howver,  could  be  seen. 

Heathcote. — Within  the  limits  of  the  township  the  relations 
between  the  two  series  are  everywhere  obscured  by  the  recent 
alluvium  deposited  by  the  Mclvor  Creek. 

Near  the  u  selwynite  "  Outcrop. — This  occurs  about  2  J  miles 
north  of  the  township,  on  the  Murray  Road,  on  the  weat  side, 
and  just  north  of  the-  junction  of  the  road  running  N.W.  towards 
Derrinal.  Selwyn  described  this  substance  as  "  in  a  vein  in  the 
Silurian."  There  can,  however,  be  no  doubt  that  it  is  within 
the  diabase  area,  although  very  close  to  the  junction,  as  diabase 
in  situ  occurs  in  a  small  gully  on  the  east  side  of  the  road. 
The  selwynite  appears  to  be  a  peculiar  modification  of  the  dia- 
base. Near  here  Prof,  Gregory  states  that  sections  of  the  banal 
Silurian  rocks  contained  fragments  of  diabase.  I  have  had  sec- 
tions of  some  of  these  rocks  made,  and  there  occurs  in  some  of 
them  small  iron-stained  areas  which  may  very  likely  be  'decom- 
posed diabase  fragment*,  although  I  am  unable,  owingr  to  their 
iron-stained  character,  to  be  certain  of  their  nature. 

About  3  M\U*  X.  of  ttlwyniU.  Outcrop. — A  road  joining  the 
Murray  road  and  running  between  paddocks  3m  and  3j  towards 
the  ;*ol*ted  diaba*e  ma**  in  Tranter's  paddock,  Knowsler  East, 
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crosses  a  small  creek  by  a  bridge  within  20  yards  of  the  Murray 
road.  The  Silurian  is  mapped  as  being  "  in  situ  '*  on  the  east 
side  of  the  Murray  road,  and  beneath  the  bridge  in  the  bed  of 
the  creek  are  large  blocks  of  Silurian  quartzite  and  conglomerate 
not  "in  situ,"  but  evidently  derived  from  rocks  near  at  hand. 
These  blocks  in  several  instances  contained  pebbles  and  angular 
fragments  of  black  cherts.  Microscopic  examination  of  these 
chert  fragments  shows  that  they  are  petrologically  indistinguish- 
able from  the  black  cherts  of  Lady's  Pass,  and  near  Red  Hill. 
This  corroborates  Lidgey's  evidence,  and  shows  Professor  Gregory 
was  right  in  claiming  the  cherts,  and  presumably  the  diabase,  as 
of  pre -Silurian  age. 

5. — Relations  op  the  Igneous  Rocks  and  Black  Cherts  to  thh 
Ordovician  Series. 

This  problem  is  the  most  obscure  of  all  those  which  arise  in  the 
Heathcote  district,  and,  as  the  previous  literature  shows,  Pro- 
fessor Gregory  and  Mr.  Howitt  have  given  explanations  of  the 
relations  of  the  two  series  which  are  mutually  conflicting.  Mr. 
Howitt  claimed  that  the  diabase  has  everywhere  altered  the 
Ordovician  rocks  for  some  distance  from  the  contact,  the  nature 
of  the  alteration  in  places  being  bleaching  and  the  formation  of 
secondary  micas  in  the  shales,  and  in  other  cases  the  silicification 
of  the  shales  ultimately  to  black  cherts.  Professor  Gregory  has 
not  dealt  with  this  aspect  of  the  question  except  to  state  that  in 
several  localities,  some  of  which  he  cited,  the  Ordovician  at  the 
contact  with  the  diabase  was  quite  unaltered. 

I  have  followed  the  line  of  contact  of  these  two  series  from 
Photograph  Knob  in  the  S.E.,  almost  continuously  to  three  miles 
north  of  the  selwynite  outcrop  in  the  northern  part  of  the  area, 
and  without  at  this  stage  discussing  the  origin  of  the  alteration 
wherever  I  have  examined  them.  I  have  found  the  Ordovician 
rocks  silicined  near  the  junction  with  the  diabase  to  a  greater  or 
lesser  extent.  On  the  accompanying  sketch  Geological  map 
(PI.  XVTTI.)  T  have  indicated  this  by  a  series  of  dots  added  to  the 
horizontal  shading,  which  represents  the  Ordovician  rocks.  The 
map  is  based  upon  those  published  in  Mr.  Howitt's  report  by 
Messrs.  Lidgey  and  0.  A.  L.  Whitelaw.     The  boundaries  of  the 


Rocks  near  Heathcote  317 

Silurian,  Pliocene  and  Alluvial  deposits  I  have  accepted  without 
confirmation,  as  the  problems  discussed  in  this  paper  are  not 
materially  concerned  with  these  rocks.  The  boundaries  of  the 
igneous  rocks  and  of  the  diabase  Ordovician  junction  I  have 
examined  fairly  closely,  and  while  not  claiming  that  the  revised 
boundaries  I  have  laid  down  are  absolutely  accurate  in  every 
detail,  I  feel  confident  they  represent  a  sufficiently  close  approxi- 
mation to  the  true  relations  for  the  purposes  of  a  sketch  map  and 
for  this  discussion.  In  that  part  of  the  map  dealing  with  the 
junctions  of  diabase  and  Ordovician  1  have  made  some  impor- 
tant modifications.  The  marginal  silicification  of  the  Ordovi- 
cians  is  represented  by  dotted  lines.  The  interesting  relations 
near  Photograph  Knob  have  been  closely  examined  (see  Sketch 
Section),  and  I  have  come  to  the  conclusion  that  the  bay  of 
unaltered  Ordovician  represented  on  the  map  in  Mr.  Howitt's 
report  just  north  of  the  felspar  porphyrite,  is  in  reality  diabase 
tuff  and  silicified  diabase  approaching  a  chert,  while  the 
patch  marked  nietamorphic  has  no  defined  boundaries,  and  is 
really  highly  silicified  diabase  and  diabase  tuff.  Probably  a 
dense  bluish  grey  rock  which  is  represented  here  was  accepted  by 
the  author  of  the  map,  and  apparently  by  Prof.  Gregory,  as  a 
blue  Ordovician  shale.  It  shows,  however,  no  sign  of  bedding, 
and  in  section  under  the  microscope  (Sect.  €14)  differs  from  the 
shales  (Sect.  574)  by  showing  an  absence  of  bedding  and  of 
micaceous  flakes.  It  appears  to  consist  almost  wholly  of  chloritic 
or  serpentinous  alterations  of  a  basic  rock,  probably  a  tuff.  A 
foliated  bluish  grey  rock  of  somewhat  similar  character  is  seen 
in  section  in  a  small  gully  immediately  south  of  Photograph 
Knob,  and  a  similar  rock  (Sect.  597),  splitting  readily  into 
long  semi-prismatic  masses,  occurs  in  paddock  17c,  about  a 
quarter  of  a  mile  S.E.  of  Photograph  Knob,  and  within 
the  boundary  mapped  as  diabase.  The  same  rock  has  then 
in  one  place  been  mapped  as  unaltered  Ordovician,  and  a 
little  further  to  the  S.E.  as  diabase.  There  can  be  little  doubt 
that  both  outcrops  are  related  to  the  igneous  series,  and  prob- 
ably represent  fine-grained  consolidated  diabase  tuffs.  This  is 
supported  by  the  fact  that  at  the  S.  end  of  Red  Hill,  in  the  shaly 
diabase,  occurs  an  indurated  rock  (Sect.  633),  agreeing  closely  in 
hand  specimen  and  under  the  microscope    with  the  rock  N.  of 
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the  Felspar  Porphyrite.  The  rook  in  the  gully  S.  of  Photo. 
Knob  is  a  rather  coarser  type  in  which  the  fragmental  character 
can  be  made  out  (Sect.  582),  while  the  Knob  itself  represent* 
coarse  consolidated  agglomerate,  probably  occupying  the  neck  of 
a  vent.  This  interpretation  would  remove  the  evidence  of  uncon- 
formable overlap  of  the  Ordovicians  N.  of  the  felspar  porphy- 
rite claimed  by  professor  Gregory  at  this  point.  It  is  to  be 
noted  that  the  Felspar  Porphyrite  occupies  a  considerably  smaller 
outcrop  than  is  shown  on  the  earlier  map.  West  of  the  diabase 
and  felspar  porphyrite  partially  chert ified  Ordovician  was  seen 
at  several  points,  but  no  good  exposures  were  visible.  The  mar- 
ginal Ordovician  continues  cherty  to  the  gully  south  of  the 
small  Diorite  Knob  shown  on  the  map.  Here  again  I  have 
altered  the  geological  boundaries.  The  black  cherts  and  very 
silicified  rocks  extend  round  the  E.  and  S.E.  sides  of  the  diorite, 
and  also  in  a  somewhat  less  silicified  form  for  about  20  yards  on 
tho  west  and  south-west  sides.  A  trench  about  40  yards  west  of 
the  diorite  shows  Ordovician  shales,  in  places  indurated  and 
containing  sporadic  nodular  lumps  of  cherty  carbonates.  The 
rocks  here  are  vertical,  and  strike  X.  40  deg.  W.  The  same 
strike  is  noticed  in  a  creek  about  150  yards  W.  of  diorite,  and 
in  much  silicified  shales  20  yards  X.W.  of  the  diorite,  and  also 
ir.  tho  black  cherts  seen  a  few  yards  further  north.  Rock  ex- 
posures are  so  limited  that  the  relations  between  the  black  cherts 
and  slightly  cherty  Ordovicians  are  not  seen,  but  the  evidence 
of  dip  and  strike  discloses  no  discontinuity.  The  black  cherts 
extend  much  further  to  the  N.W.  than  was  shown  on  the  earlier 
map,  and  have  been  traced  beyond  the  next  gully  to  the  N., 
and  then  N.E.  to  within  a  few  hundred  yards  S.  of  Crossing  No. 
45,  where  they  come  in  contact  with  the  granitic  series.  The 
marginal  Ordovician  continues  to  show  evidence  of  silicification 
northerly  as  far  as  the  gully  at  the  S.  end  of  Red  Hill. 

Between  the  diabase  of  Red  Hill  and  the  normal  Ordovician 
occurs  a  narrow  strip  of  rocks  marked  as  metamorphic,  and 
described  as  schistose  beds  by  Prof.  Gregory,  which  extend  fur- 
ther both  to  S.  and  N.  than  is  shown  on  the  earlier  map,  and 
whose  relations  to  both  series  are  not  very  clear.  At  the  S.  end 
of  Red  Hill  they  are  fragmental  beds  apparently  made  of  diabasio 
material.     A   small  gully   running  S.W.   from    here   across   the 
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strike  of  the  beds  gives  an  almost  continuous  exposure  of  these 
rocks,  which  pass  into  what  is  mapped  as  normal  Ordovician. 
Strike  and  dip  were  observed  at  several  points  along  the  section, 
and  were  found  to  remain  practically  constant.  The  rocks 
plainly  here  form  a  continuous  series  without  stratigraphical 
break,  and  the  inference  is  that  the  schistose  fragmental  diabase 
rocks  form  the  lowest  representatives  of  the  Ordovician  series 
at  this  point  (Plate  XVII.,  Fig.  2).  Following  them  northwards 
is  a  puckered  shaly  rock  with  surface  outcrops  of  an  alteration 
to  ironstone,  and  to  ferruginous  cherts.  At  the  beacon  marking 
the  summit  of  Red  Hill  the  dump  from  an  old  mining  shaft 
shows  silky  shales  almost  completely  altered  to  chert.  On  the 
northern  slopes  of  the  hill  not  far  north  of  the  Beacon  these  give 
place  to  very  decomposed,  greasy-feeling  shales,  and  N.  and  N.W. 
of  these  black  cherts  are  again  seen,  and  form  the  most  northerly 
of  these  beds  on  Red  Hill.  West  of  Red  Hill  the  ground  slopes 
to  a  gully,  and  the  very  limited  exposures  do  not  permit  a  close 
examination  of  the  relations  of  this  series  to  the  normal  Ordo- 
vicians.  Dips  and  strikes,  however,  in  the  two  series,  whenever 
they  could  bo  observed,  were  fairly  concordant.  At  the  S.  end 
of  the  hill  strikes  E.  and  W.  were  noticed;  further  north  both 
series  showed  W.N.W.  strikes.  No  break  in  the  succession  was 
seen,  and  no  conglomerates  were  noticed.  The  field  evidence 
points  strongly  to  the  ironstones  and  grey  and  black  cherts 
being  simply  highly  altered  representatives  of  the  schistose  frag- 
mental diabasic  bedded  rocks  at  the  S.  end  of  Red  Hill,  and  all 
these  types  should  be  included  not  with  the  pre-Ordovician,  as 
Prof.  Gregory  maintains,  but  as  the  oldest  representatives  in 
this  locality  of  the  Ordovician  series.  Beyond  the  gully,  run- 
ning S.W.  at  the  W.  end  of  Red  Hill,  cherty  Ordovician  extends 
along  the  contact  up  to  the  small  patch  of  Pliocene  shown  on  the 
map.  Beyond  this  the  contact  for  about  a  mile  has  not  been 
examined  by  me.  A  hill  composed  of  black  finely-bedded  and 
folded  cherts  occurs  about  250  yards  W.  of  the  Derrinal  road, 
and  about  300  yards  N.W.  of  junction  of  the  Derrinal  and 
Murray  roads.  The  hill  is  about  150  yards  S.  of  crossing  51  on 
the  railway.  The  dip  is  90  deg.,  and  strike  W.S.W.  It  is  shown 
on  the  early  map  as  diabase,  and  it  is  indeed  in  contact  with 
diabase.     It  appears  at  first  sight  to  be  a  normal  shale  silicified 
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to  a  black  chert.  Closer  investigation,  however,  showed  that  on 
the  E.  and  N.E.  sides,  especially  in  a  shallow  railway  cutting  S. 
of  Gate  51,  less  silioified  portions  of  the  same  bedded  series  are 
represented,  and  pass  gradually  into  a  bedded  fragmental  dia- 
basic  rock,  apparently  a  bedded  diabase  tuff.  The  evidence  seems 
clear,  then,  that  here  the  bedded  black  cherts,  with  associated 
ironstones,  are  simply  silicified,  probably  submarine,  basic  tuffs, 
or  rocks  made  up  of  diabase  fragments.  A  few  hundred  yards 
beyond  this  hill  the  Ordovician  diabase  junction  crosses  the 
Derrinal  road  near  a  road  cutting.  The  Ordovicians  are  soft 
brown  shales  containing  numerous  Magnesite  concretions,  strike 
N.  10  deg.  W.  about,  and  are  nearly  vertical.  On  the  east  side 
of  the  road  cutting  a  few  yards  from  the  road,  silicified  shale  was 
seen,  and  in  the  bed  of  the  Mt.  Ida  Creek  is  an  outcrop  of  a 
dense  silicious  rock,  with  Pyrite  abundantly  scattered  through 
it.  The  rock  looks  at  first  like  a  quartzite,  but  under  the  micro- 
scope is  clearly  seen  to  be  an  igneous  rock,  consisting  mainly 
of  lath-shaped  plagioclase,  chloritised  biotite  and  some  Pyrite 
(Sec.  648).  A  few  yards  down  stream  the  diabase  was  seen  in 
situ,  and  is  partly  fragmental  in  character.  Massive  silicified 
diabase  was  seen  a  little  N.E.  of  the  road  cutting,  and  again 
in  a  cliff  section  on  the  E.  bank  of  the  Mt.  Ida  Creek,  north  of 
the  outcrop  of  silicious  diabase.  I  have  also  examined  the 
junction  between  diabase  and  Ordovician,  at  several  points  fur- 
ther north,  notably  W.  and  S.W.  of  the  Selwynite  outcrop,  north 
of  paddock  A^,  Knowsley  East,  near  the  southern  end  of  the 
Dinesus  beds,  in  paddocks  3  and  3q,  and  also  in  paddocks  3m 
and  3j,  Knowsley  East.  In  all  these  places  the  Ordovician  was 
more  or  less  cherty  in  character,  and  in  several  places  the 
Dinesus  beds  were  distinctly  cherty.  Whatever  explanation  may 
be  offered  of  this  feature,  Dr.  Howitt's  claim  for  the  marginal 
alteration  of  the  Ordovician  near  the  diabase  contact  is  one 
that  can  be  generally  substantiated  in  the  field.  It  should  be 
noticed  that  on  Lidgey  s  may  (Quarter  Sheet  No.  80),  the  diabase 
is  not  represented  as  outcropping  anywhere  in  allotments  3q 
and  3m,  Knowsley  East,  a  gap  of  nearly  a  mile.  In  its  place 
a  thin  outcrop  of  "  Metamorphio "  rocks  is  shown.  Professor 
Gregory  (op  cit)  refers  to  this  locality  as  follows: — "Moreover 
the   metamorphic   rocks   occur   in    places  where    there   are   no 
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igneous  rocks  exposed  in  the  immediate  vicinity.  Thus  an  ex- 
posure of  the  typical  cherts  of  the  met  amorphic  series  occurs 
along  the  eastern  edge  of  allotment  3q  in  Knowsley  East.  The 
cherts  occur  between  the  Silurian  rocks  on  one  side,  and  unal- 
tered Ordovician  on  the  west.  There  are  some  diabases  a  little 
south  of  this  allotment,  but  none  occur  in  it."  I  am  unable  to 
reconcile  the  mapping  and  Professor  Gregory's  statements  with 
my  own  observations  at  this  point.  At  the  S.  end  of  allotment 
3q,  near  the  Murray  road,  is  a  limited  outcrop  of  a  bedded  rock 
in  hand  specimen  like  a  quartzite,  and  associated  with  it  is  a 
dark,  dense  cherty  rook.  Microscopic  examination  shows  that 
the  latter  (Sect.  651)  is  a  diabasic  rock,  probably  fragmental, 
which  has  been  almost  completely  silicified.  I  am  less  positive 
about  the  origin  of  the  former  (Sect.  588) ;  it  may  be  a  quartzite, 
but  it  presents  appearances  which  suggest  that  it  may  represent 
an  extreme  stage  of  replacement  of  a  diabasic  rock  by  silica. 
Just  W.  of  this  outcrop  foliated  or  platy  diabase  occurs,  similar 
to  that  on  Red  Hill,  and,  indeed,  fragments  occur  fairly  abun- 
dantly on  the  surface  going  northwards  along  allotment  3q, 
between  the  road  and  the  outcrop  of  the  Dinesus  beds,  which 
here,  as  elsewhere,  are  frequently  chertified. 

This  evidence  is  of  importance,  as  from  the  assumed  absence 
of  diabase  in  this  locality,  Professor  Gregory  inferred  that  the 
Ordovician  overlaps  and  rests  unoonformably  on  the  metamorphic 
oherty  series. 

An  isolated  area  of  diabase  is  shown  on  the  map,  occupying 
an  allotment  with  the  letters  M  of  W,  and  indicated  on  the 
Parish  Map  of  Knowsley  East  as  Tranter's  Paddock.  It  is  repre- 
sented as  surrounded  by  normal  Ordovician.  It  consists  mainly 
of  u  platy  variety  of  diabase  similar  to  that  on  Red  Hill,  and 
probably  representing  an  altered  tuff.  Near  the  margin  it  is 
highly  silicified,  and  in  places  is  converted  into  a  black  dense 
chert.  The  rock  mapped  as  Ordovician,  with  which  it  comes  in 
contact,  is  well  bedded,  generally  considerably  silicified,  and 
cavernous,  owing  to  the  removal  of  crystals  by  solution  from  the 
rock.  In  general  appearance  under  the  microscope  it  strongly 
resembles  a  submarine  bedded  tuff. 

An  almost  identical  rook  occurs  just  W.  of  S.  Heathcote 
railway  station,  in  what  is  mapped  as  Diabase ;    some  of  the 
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Dinesus  material  is  also  similar,  and  the  cherts  of  Lady's  Pass 
appear  to  differ  from  it  only  in  a  more  complete  silicification. 


6.  —Relations  op  the  Dinesus  Bbdh  to  the  Ordovician  and  to 
the  Diabase. 

On  Quarter  Sheet  80  these  beds  axe  shown  in  the  Parish  of 
Knowsley  East  as  a  narrow  band  up  to  a  quarter  of  a  mile  in 
breadth,  stretching  northwards  from  the  northern  end  of  allot- 
ment 3  to  the  middle  of  3k.  Their  eastern  boundary  is  the 
diabase  series,  and  the  bedded  silicified  fragmental  diabase  re- 
corded as  "  Metamorphic."  Their  western  boundary  is  with 
the  Ordovician  shales,  and  the  boundary  taken  by  Mr.  Ferguson 
was  a  thin  bed  of  a  "  brecciated-conglomerate."  Along  the  road 
running  west  from  the  Murray  road,  and  separating  allotments 
3m  and  3j,  a  small  section  is  to  be  seen  in  which  the  strike  of 
the  rocks  is  almost  N.  and  S.,  and  the  dip  about  70  deg.  to  the 
W.  The  section  shows  from  E.  to  W.  a  few  feet  of  the  upper 
beds  of  the  Dinesus  series,  consisting  of  brown  shales  and  mud- 
stones  partially  silicified.  These  are  succeeded  by  the  brecciated- 
oonglomerate  about  i  inches  in  thickness,  consisting  of  sub- 
angular  fragments  of  shaly  material,  and  cherty  fragments  set 
in  a  fine  groundmass.  Succeeding  these  are  mudstones  with 
smaller  fragments  forming,  according  to  Mr.  Ferguson,  the 
lowest  beds  of  the  normal  Ordovician  series  here.  A  specimen 
taken  about  20  feet  W.  of  the  brecciated-conglomerate  consists  of 
a  bedded,  rather  dense,  light-coloured,  somewhat  cherty  rock  con- 
taining little  black  specks,  which  were  at  first  thought  to  be 
small  fragments  of  an  older  black  chert.  Under  the  microscope, 
however  (Sec.  634)  (PI.  XVI.,  Fig.  4),  these  show  as  quite  colourless 
areas,  with  no  defined  boundary,  but  passing  gradually  into  the 
groundmass  of  the  rock.  There  can  be  no  doubt  that  they  are 
secondary  in  origin,  and  represent  local  segregations  of  ehalce- 
donic  silica  in  a  less  siliceous  matrix. 

The  brecciated-conglomerate  also  contains  fragments  of  what 
in  the  hand  specimen  look  like  a  black  chert.  Under  the 
microscope  (Sec.  618)  (PI.  XIV.,  Fig.  1),  it  is  seen  to  consist  of  frag- 
ments of  altered  diabase,  and  of  a  fine-grained  rock,  possibly 
diabase  tuff.     All  of  the  fragments  are  more  or  less  silicified, 
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but  the  bedded  fragments  are  more  completely  replaced  than  the 
others,  and  some  approach  in  character  the  black  cherts.  Secon- 
dary quartz  as  well  as  chalcedony  occurs,  and  it  is  probable  that 
all  the  silicification  was  effected  after  the  formation  of  the  con- 
glomerate. In  one  fragment  a  circular  cross-section  in  chalce- 
dony may  represent  a  section  of  an  organism.  From  the  appear- 
ance of  the  rock  under  the  microscope,  it  may  be  either  a  local 
shoreline  detrital  conglomerate,  or  a  rather  coarse  submarine 
tuff.  In  any  case  it  is  clearly  interbedded,  and  cannot  be  re- 
garded as  representing  a  stratigraphical  break  between  two 
separate  formations. 

The  relations  of  the  Dinesus  Beds  to  the  Diabase  have  not 
been  clearly  seen.  The  diabase  for  at  any  rate  some  distance 
along  its  outcrop  east  of  the  Dinesus  Beds  is  either  the  platy  type 
as  occurs  at  Red  Hill,  or  the  highly  silioified  jasperoid,  and  I 
have  not  anywhere  seen  an  exposure  showing  the  relation  of  the 
two  series.  The  abrupt  junction  shown  on  the  Quarter  Sheet 
between  the  two  at  the  S.  end  of  the  Dinesus  Beds  I  have  been 
unable  to  confirm.  Cherty  tuff-like  rock  fragments  occur  in  the 
paddock  both  to  the  N.  and  S.  of  the  junction,  as  mapped,  but 
no  exposures  are  seen.  The  field  and  microscopic  evidence  would 
admit  of  two  explanations.  On  the  one  hand  the  diabase  may 
be  an  older  series  and  the  Dinesus  beds  may  represent  bedded 
detrital  rocks  from  the  old  diabase  land  area.  On  the  other 
hand,  the  diabase  may  be  practically  contemporaneous  and 
represent  submarine  lavas  and  tuffs  passing  westward  into  more 
finely-bedded  tuffs,  the  Dinesus  series. 

7. — Nature  and  Origin  op  thb  Igneous  Rocks. 

The  Basic  Igneous  Series. — As  ipointed  out  by  previous 
workers,  the  basio  igneous  rocks  comprise  intrusive  masses,  lava 
flows,  and  fragmental  (pyroclastic  rocks). 

Dr.  Howitt  and  Professor  Gregory  maintain  that  most  of  the 
rocks  are  intrusive,  while  Mr.  Dunn,  from  field  evidence,  regarded 
them  as  mainly  surface  rocks.  Within  the  limits  of  the  area 
I  have  observed — viz.,  from  Photograph  Knob  on  the  south,  to 
Lady's  Pass  on  the  north — I  find  both  field  evidence  and  micro- 
scopic evidence  in  support  of  the  view  that  the  bulk  of  the 
rocks  consist  of  lavas,  tuffs  and  agglomerates,  and  that  intrusive 
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rooks  are  rather  sparingly  represented.  Dr.  Howitt  has  dis- 
cussed so  fully  most  of  the  characters  of  the  igneous  rocks  that 
it  is  not  necessary  to  do  more  than  refer  briefly  to  them,  except 
the  more  altered  rocks,  in  relation  to  the  question  of  the  origin 
of  the  silicification  of  the  Heathoote  rocks. 

Intrusive  Rock*. — Dr.  Howitt  has  described  some  of  the 
diabases  as  intrusive  rooks,  and  among  the  small  intrusions  in 
the  form  of  bosses  are  the  Diorite  Knob  at  S.  Heathoote,  and 
another  similar  mass  just  west  of  S.  Heathcote  station.  An- 
other rook  from  about  £  mile  N.  of  the  Selwynite  outcrop,  which 
I  have  examined  (No.  630),  is  noncrystalline,  and  is  clearly  an 
intrusive  diabase.  They  show  distinct  petrologies!  characters 
from  the  diabase  series,  as  Dr.  Howitt  has  pointed  out,  yet  they 
are  almost  certainly  genetically  related  to  the  diabase  magma, 
and  represent  rather  later  and  somewhat  less  basio  intrusions  of 
the  magma. 

Basic  Lavas. — Rocks  of  this  character  appear  to  be  sparsely 
represented  in  the  southern  part  of  the  area  examined,  but  have 
been  met  with  in  several  areas  between  the  Selwynite  outcrop 
and  Lady's  Pass.  Some  of  the  diabase  rocks  just  south  of  Lady's 
Pass  appear  to  be  lavas,  and  two  other  rocks  may  be  specifically 
referred  to. 

Opposite  the  Junction  Hotel,  about  a  mile  S.  of  Lady's  Pass, 
is  a  massive  outcrop  of  a  compa<rt  diabase.  Under  the  micro- 
scope (Section  601)  the  rock  is  seen  to  be  distinctly  porphyritic, 
comparatively  fresh  phenocrysts  of  plagioclase,  and  chloritised 
pseudomorphs  after  hornblende  or  augite  are  set  in  a  fine  felted 
groundmass,  which  has  been  recrystallised  as  a  mixture  of 
needle-shaped  actinolites  and  a  colourless  base,  possibly  felspar 
and  quartz.  Associated  with  the  chloritic  pseudomorphs  are 
secondary  crystals  of  epidote.  In  its  altered  condition  the 
precise  nature  of  the  rock  is  difficult  to  determine;  it  might  be 
an  intrusive  or  an  effusive  rock.  From  its  field  characters  I  am 
inclined  to  regard  it  as  a  porphyritic  lava.  Another  rock  of  less 
equivocal  character  was  examined  in  a  paddock  about  300  yards 
W.  of  the  Murray  road,  and  about  l^m  N.  of  the  Selwynite  out- 
crop, in  allotment  A6,  Knowsley  East.  The  diabase  rocks  here 
form  a  ridge,  and  are  considerably  altered  to  siliceous  and 
calcareous  diabases. 
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A  rock  section  (No.  602)  shows  that  no  original  minerals 
remain,  the  rock  now  consisting  of  chlorite,  carbonates,  chalce- 
dony, secondary  quarto  and  secondary  albite.  Some  of  the 
original  structures  remain,  however,  and  the  presence  of  amygda- 
loidal  cavities  filled  with  secondary  minerals  is  noticeable,  not 
only  in  the  rock  section,  but  abundantly  in  the  field,  and  demon- 
strates that  the  rock  was  originally  a  vesicular  lava  flow. 

Pyroclastic  Rocks. — Fragmental  igneous  rocks  in  my  opinion 
represent  the  predominant  type  in  the  area  I  have  examined. 
They  include  agglomerates,  tuffs  and  other  altered  rocks,  origin- 
ally composed  mainly,  if  not  entirely,  of  diabasic  fragments 
which  may  be  tuffs  or  detrital  sediments.  The  latter  are  gene- 
rally well  bedded,  and  usually  more  or  less  completely  altered  to 
cherts. 

Agglomerates. — The  best  example  of  these  occurs  at  Photo- 
graph Knob,  in  S.  Heathcote.  A  small  eminence  here  marks  the 
position  of  the  plug  of  an  old  volcanic  rent,  in  and  near  whioh 
the  coarser  diabase  fragments  fell.  Subsequent  alteration  haa 
converted  the  mass  into  a  very  tough,  hard  rock.  The  agglome- 
rate, from  its  relation  to  finer  tuffs  exposed  in  a  stream  bed 
to  the  S.,  and  also  seen  to  the  north,  appears  to  be  rather 
younger  than  and  intrusive  into  them.  My  interpretation  of 
relations  of  the  rooks  near  here  is  shown  in  the  accompanying 
sketch  section  (PI.  XVII.,  Fig.  1).  Under  the  microscope  (No.  545) 
(PL  XIV.,  Fig.  2)  the  agglomerate  consists  of  angular  fragments  of 
a  dark  basaltic  rock  with  lath-shaped  felspars  in  a  groundmass  of  a 
more  felspathio  recrystallised  diabase,  possibly  originally  frag- 
mental. It  consists  now  entirely  of  secondary  minerals,  includ- 
ing felspars,  quartz  and  needle-shaped  aotinolite.  Vivid  green 
chlorite  fills  cavities  in  the  rocks,  and  also  replaces  primary 
minerals,  probably  felspar  and  augite.  The  large  size  of  some 
of  the  rock  fragments  gives  the  rock  the  character  of  a  typical 
agglomerate. 

Another  rock  (No.  576)  (PL  XIV.,  Fig.  3)  occurring  as  boulders 
in  the  foliated  diabase  of  Red  Hill,  near  the  junction  with  the 
granitic  rock,  is  also  coarsely  fragmental  in  character.  Under 
the  microscope  some  of  the  fragments  are  seen  to  be  similar  to 
the  platy  diabase.  They  are  set  in  a  dense  groundmass  whose 
character  is  obscured  by  alteration,  and  the  boundaries  of  the 
fragments  are  defined  by  a  red-brown  ferruginous  layer. 
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Tuffs. — Under  this  description  I  place  the  platy  diabase  of 
Red  Hill,  described  by  Dr.  Howitt  as  a  sheared  diabase,  and 
similar  rocks  near  Photograph  Knob,  just  south  of  the  cherts  of 
Lady's  Pass,  below  the  cutting  in  Ordovician  on  the  Derrinal 
road  about  £  mile  N.  of  the  Murray  road  junction,  the  diabase 
from  allotment  3q,  Knowsley  East,  and  from  the  isolated  diabase 
mass  in  E.  Tranter's  allotment  M.  of  W..  Knowsley  East.  Some 
of  the  highly  altered  diabase  rocks  to  be  described  later  are  also 
quite  possibly  fragmental  in  origin.  Owing  to  the  alteration  and 
foliation  of  these  rocks,  in  no  case  is  the  characteristic  structure 
of  the  groundmass  of  a  normal  tuff  preserved.  Both  in  the  dia- 
base of  lied  Hill  and  in  the  rock  in  the  gully  S.  of  Photograph 
Knob  the  fragmental  character  can  be  seen  in  the  field,  and  in 
hand  specimens,  and  a  passage  from  these  into  finer-grained 
rocks,  presumably  volcanic  ashes,  is  to  be  observed.  The  inclu- 
sion of  coarser  types  like  the  agglomerate  (No.  576),  described 
above  in  the  finer  platy  diabase  of  Red  Hill,  is  significant,  and  is 
of  assistance  in  determining  the  original  character  of  these 
altered  rocks.  The  rock  from  the  stream  bed  S.  of  Photograph 
Knob  shows  in  section  (No.  582)  parallel  development  of  chlorite 
and  secondary  quartz  and  felspars,  and  some  magnitite.  Irre- 
gular lighter  coloured  areas  may  represent  fragments  of  a  rock  of 
different  character.  The  dense,  fine-grained  diabasic  rocks  from 
the  paddock  J  mile  S.  of  Photograph  Knob  (No.  597),  and  from 
the  area  previously  mapped  as  Ordovician,  just  N.  of  the  felspar 
porphyrite  (No.  614),  have  been  previously  referred  to,  and  their 
resemblance  to  a  fine  indurated  bluish  diabase  at  the  S.  end  of 
Red  Hill  (No.  633).  From  their  association  with  rocks  whose 
fragmental  character  is  clearly  visible,  I  regard  these  types  as 
probably  volcanic  ashes,  which  by  alteration  and  subsequent  pres- 
sure have  been  indurated  and  have  developed  a  marked  folia- 
tion. Their  character  is  in  striking  contrast  to  the  diabases 
which  can  be  shown  to  have  been  lava  flows  and  intrusions,  and 
which  appear  to  have  undergone  the  same  mineralogical  changes 
as  the  foliated  diabases. 

A  rock  whose  fragmental  character  is  clearly  manifest  (No.  583) 
(PI.  XIV.,  Fig.  4)  is  the  type  represented  in  allotment  3q,  Knowsley 
East,  where,  according  to  the  Quarter  Sheet  and  to  Prof. 
Gregory,  no  diabase  occurs.     Under  the  microscope  the  rock  is 
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seen  to  be  composed  of  larger  and  smaller  angular  fragments  of 
diabase  altered  to  a  chloritic  rock.  Many  fragments  by  the 
introduction  of  silica  in  solution  have  been  converted  into  cherty 
rocks.  The  process  of  partial  silicification  has  in  the  case  of  this 
rock  not  been  attended  by  the  removal  from  the  rock  of  its 
original  felspathio  material.  This  has  reorystallised  as  secondary 
felspars,  and  with  thera  occur  secondary  quartz  crystals.  Irre- 
gular chaloedonio  areas  are  also  to  be  seen,  and  small  quartz 
veins.  The  secondary  character  of  both  the  quartz  and  felspar 
is  indicated  in  places  by  the  fact  that  the  replacement  of  the 
original  diabase  has  been  only  partially  effected,  so  that  the 
secondary  mineral  has  included  some  of  the  diabasic  material. 

Flanking  the  foliated  diabase  of  Tranter's  paddock,  M.  of 
W.,  Knowsley  East,  there  is  a  bedded  silicitied  rock  mapped 
as  Ordovician.  It  occurs  between  the  platy  diabase  and 
the  Ordovician  shales,  but  its  relations  with  each  are  not 
clear,  as  no  exposures  are  visible.  Its  bedded  character 
tends  to  link  it  with  the  sedimentary  series,  but  its  min- 
eralogical  constitution  shows  its  relationship  to  the  diabase 
series.  The  hand  specimen  has  a  pitted  surface,  due  to  the 
solution  and  removal  of  minerals.  The  shapes  of  the  cavities 
are  of  two  kinds,  the  one  elongated  prismatic,  suggesting  the 
former  presence  of  actinolite,  the  other  clearly  having  the  shape 
of  felspar  crystals.  Under  the  microscope  (No.  584)  (PL  XV., 
Fig.  1 )  the  bedded  and  cavernous  characters  are  visible.  Numerous 
altered  crystals  of  pyroxene  and  larger  fragments  of  igneous  rocks 
are  set  in  a  fine  textured  groundmass,  which  is  now  silicified. 
The  rock  appears  to  have  been  a  bedded  submarine  tuff,  or 
possibly  a  clastic  rock  derived  from  a  diabase  shore  line.  A 
precisely  similar  rock  occurs  flanking  the  diabase  just  W.  of  the 
S.  Heathcote  railway  station,  and  some  of  the  rocks  in  the  area 
mapped  as  Dinesus  Beds  are  similar  in  character,  and  generally 
more  or  less  silicified.  Under  the  description  of  the  black  cherts 
I  shall  have  to  point  out  similarities  which  exist  between  many 
of  them  and  rocks  of  this  character. 

The  Granitic  Rocks. — Dr.  Howitt  has  given  full  penolo- 
gical descriptions  of  these  rocks.  One  type  he  refers  with  some 
hesitation  to  aplite,  and  notes  that  it  is  frequently  granophyric, 
and  the  other  he  refers  to  as  labrador-porphyrite. 
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Professor  Gregory  agreed  with  Dr.  Howitt  in  the  naming  of  the 
p^rphyrite,  but  regards  fine-grained  grano-diorite  as  being  a  more 
suitable  term  for  the  rock  which  Dr.  Howitt  has  referred  to  the 
aplites. 

I  can  appreciate  the  difficulty  in  finding  an  appropriate  name 
f  )r  this  type,  and  I  think  this  difficulty  is  connected  with  its  mode 
of  origin.  The  minerals  present  are  plagioclase  (oligoclase  to 
labradorite),  hornblende,  biotite,  a  white  mica,  quartz  and 
orthoclase  in  the  rock  (No.  627)  from  just  S.W.  of  Gate  45,  S. 
Heathoote,  while  in  the  Red  Hill  exposure  very  little  hornblende 
or  biotite  occurs  (No.  587),  but  the  rock  is  more  altered,  and 
they  may  have  been  removed  by  solution.  I  think  that  perhaps 
the  term  micro-granite,  using  it  in  a  wide  sense,  would  be  an 
appropriate  name  for  most  of  the  occurrences,  while  many  of 
the  rocks  show  so  marked  a  granophyrio  or  micrographic  inter- 
growth  of  quartz  and  orthoclase  that  the  term  granophyre  may 
be  used  to  define  these  varieties. 

The  origin  and  relations  of  these  rocks  merit  some  considera- 
tion. They  are  certainly  not  normal  plutonic  rocks.  The  fine- 
grained character  and  other  peculiarities  show  that  the  magma 
consolidated  under  a  comparatively  small  thickness  of  rock,  and 
its  mineral  composition  and  the  micrographic  and  granophyric 
intergrowth  of  the  quartz  and  orthoclase  suggest  that  it  repre- 
sents a  residual  relatively  acid,  part  of  a  basic  magma,  and  having 
more  or  less  the  composition  of  an  eutectic  mixture  it  remained 
molten  after  the  intrusion  and  consolidation  of  the  more  basic 
part  of  the  magma.  I  regard  these  micro-granites  and  grano- 
phyres  and  the  labrador  porphyrite  as  genetically  related  to  the 
diabases,  belonging  to  the  same  volcanic  period,  and  represent- 
ing the  last  of  a  series  of  intrusions,  of  which  the  diorites  mark 
an  earlier  phase. 

The  microgranito  in  places  comes  into  relation  with  the 
Ordovician  series,  although  no  good  contact  has  been  observed. 
Of  course,  if  the  granite  were  the  older  series  no  contact  meta- 
morphism  should  be  seen.  Even  if  the  granite  were  intrusive 
into  the  Ordovician  the  amount  of  alteration  to  be  expected  at 
the  juncton  would,  I  think,  be  very  small  in  view  of  the  probable 
relatively  superficial  conditions  and  low  temperature  of  its  consoli- 
dation.   The  contact  of  diabase  and  micro-granite  is  well  exposed 
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on  Red  Hill,  and  here  the  alteration  effected  by  the  granitic  in- 
trusion is  certainly  trivial,  amounting  only  to  a  slight  bleaching 
in  colour,  and  the  production  of  a  rather  fissile-jointed  character 
in  the  diabase  for  a  distance  of  about  three  feet  from  the  con- 
tact. The  labradorite-porphyrite  occurs  as  a  small  intrusion  in 
the  diabase,  just  north  of  Photograph  Knob,  and  as  a  marginal 
rock  at  the  junction  of  the  micro-granite  and  diabase  at  Red 
Hill.  It  is  a  dark  rock  (No.  599)  with  porphyritic  labradorite, 
biotite  and  hornblende,  in  a  dense  granophyric  groundmass  of 
quartz  and  orthoclase.  It  must  be  regarded  as  a  modification 
of  the  micro-granite  which  may  possibly  have  absorbed  some 
diabasio  material  before  consolidation. 


8. — Nature  and  Origin  op  the  Ordovician  Sediments. 

This  question  has  been  discussed  in  considering  the  relation 
of  the  Ordovician  and  cherty  series  to  the  diabases,  and  the 
appearances  of  Ordovioian  shales  in  hand  specimens,  and  under 
the  microscope  have  been  compared  with  those  of  fine-grained 
diabase  rocks.  It  has  been  shown  that  at  the  S.  end  of  Red 
Hill  a  continuous  conformable  succession  is  seen  from  a  rock 
composed  of  diabase  fragments,  through  finer-grained  types  tr> 
the  normal  Ordovician  shales.  The  evidence  points  strongly  to 
the  Ordovician  series,  near  the  diabase,  being  composed  mainly 
of  diabase  fragments.  This  is  supported  by  the  observation,  first 
made  by  Mr.  Dunn,  which  can  be  verified  at  several  localities, 
ihat  magnesite  nodules  segregate  from  the  Ordovician  shales. 
The  junction  between  the  foliated  diabase  of  Red  Hill  and  the 
diabasic  Ordovician  is  a  sharp  one  (PI.  XVII.,  Fig.  2).  It  may  be 
explained  either  as  an  unconformable  junction  or  as  a  fault  junc- 
tion. In  the  first  case  the  diabase  mi<rht  be  pre-Ordovician,  in 
the  latter  the  diabase  may  be  of  Lower  Ordovician  apre,  and  con- 
sist of  unbedded  tuffs  passing  into  a  bedded  series. 

The  Dincsus  beds,  Which  also  are  mainly  composed  of  diabase 
fragments,  appear  to  be  interbedded  submarine  tuffs  :  they  may 
possibly  be,  however,  detrital  sediments  formed  from  a  pre- 
Ordovician  diabase.  No  section  showing  the  relations  of  the  tw,» 
rooks  has  been  observed. 
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9. — Altered  Rocks. 

A. — The  Age  and  Origin  of  the  Cherts. 

The  lighter,  less  silicified  rooks  seen  in  many  places  near  the 
contact  of  diabase  and  Ordovician  present  few  difficulties,  as 
they  are  clearly  only  moderately  altered  shales  of  the  Ordovician 
series. 

A  peculiar  type  of  more  silicified  bedded  rocks  occurs  flanking 
the  isolated  diabase  of  Tranter's  paddock,  Knowsley  East.  Another 
outcrop  occurs  W.  of  S.  Heathcote  railway  station,  and  is  also  repre- 
sented among  the  rocks  mapped  as  Dinesus  Beds.  The  S.  Heathcote 
occurrence  is  mapped  with  the  diabase,  the  one  flanking  the 
isolated  diabase  is  mapped  as  Ordovician.  There  can  be  no 
doubt  that  all  the  occurrences  represent  the  same  type,  while 
the  cherts  of  Lady's  Pass  appear  to  differ  only  in  more  complete 
silicification.  Their  characters  can  be  studied  from  a  section 
(No.  584)  (Plate  XV.,  Fig.  1)  of  a  rock  from  the  flanks 
of  the  isolated  diabase  outcrop,  Knowsley  East.  The  rock 
is  bedded  and  cavernous,  and  some  of  the  cavities  have 
the  shape  of  felspar  crystals,  others  more  elongated  sug- 
gest actinolite.  The  bedding  is  only  slightly  defined  in  the 
section.  Numerous  altered  crystals  of  pyroxene  occur,  and 
larger  fragments  of  igneous  rocks  lie  in  a  tine-textured  ground- 
mass  now  silicified.  The  rock  has  all  the  appearance  of  a 
silicified  submarine  tuff. 

In  the  case  of  the  Black  Cherts  the  problem  is  more  complicated, 
owing  to  the  complete  niineralogical  change  which  most  of  the 
rocks  have  undergone.  A  rather  special  type  of  black  chert 
occurs  at  the  margin  of  the  foliated  diabase  in  Tranter's  paddock, 
Knowsley  East.  It  is  dense,  dark  in  colour,  and  not  well  bedded, 
but  less  altered  stages  occur  with  it,  and  show  a  passage  into 
diabase. 

The  more  normal  well-bedded  type  of  black  cherts  occurs, 
among  other  places,  at  the  N.  end  of  Red  Hill,  near  Gate  47 
on  the  railway  line  south  of  the  station,  near  and  N.W.  of  Diorite 
Knob,  near  Lady's  Pass  in  Dargile,  and  at  a  hill  just  south-west 
of  Gate  51    on  the  railway  north  of  the  railway  station. 

The  cherts  near  Gate  47  junction  with  the  micro-granite,  and 
with  the   alluvium,  so  that  their  relations  with  the  diabase  and 
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the  Ordovicians  cannot  be  made  out  in  the  field.  Under  the  micro- 
scope (No.  612)  (PI.  XV.,  Fig.  2)  the  bedding  planes,  defined  in  the 
hand  specimen  by  red  band,  are  seen  to  consist  of  iron-stained  frag- 
ments, some  of  which  can  be  seen  to  be  igneous.  The  bulk  of 
the  rock  has  been  eilicified,  and  in  it  occur  minute  rods  which 
may  be  volcanic  glass.  Some  colourless  circular  chalcedonic 
areas  may  be  secondary  segregation  of  silica,  but  their  definite 
outlines  suggest  that  they  are  probably  organic.  The  rock  ap- 
pears to  have  been  originally  a  submarine  bedded  tuff,  or  a 
detrital  rock  formed  from  igneous  material.  The  bedded 
cherts  of  Lady's  Pass  are  surrounded  by  members  of  the 
diabase  series,  some  of  which  are  foliated  tuffs.  The  cherts  are 
continuous  in  strike  with  the  foliation  of  the  tuffs,  and  the  former 
presence  of  crystals  in  the  rocks  is  indicated  by  the  shapes  of  the 
hollows  left  after  their  removal.  Less  silioified  forms  were  seen, 
which  approached  in  character  a  diabase  tuff,  and,  no  doubt,  that 
was  their  original  character.  Their  relations  to  the  Ordovician 
rocks,  of  course,  cannot  be  made  out  in  the  field. 

The  cherts  of  the  hill  south-west  of  Railway  Gate  51  occur 
between  Ordovician  shales  to  the  W.  and  diabase  to  the  east- 
wards ;  but  no  section  showing  their  relations  is  to  be  seen. 
In  places  they  pass  from  black  bedded  and  folded  cherts  into 
ironstones,  and  to  the  east  in  the  shallow  railway  cutting  they 
can  be  seen  to  pass  into  fragmental  diabase.  One  of  the  less 
cherty  types  (No.  631)  shows  in  section  under  a  high  power 
(l-9in.)  a  chalcedonic  matrix,  and  scattered  through  it  are 
aotinolite  needles,  small  rounded  shapes,  possibly  Radiolaria  and 
larger  irregular  clear  cellular  masses  having  a  different  refractive 
index  from  the  matrix,  which  are  almost  isotropic.  They  are 
probably  fragments  of  cellular  volcanic  glass,  and  the  rock  is  a 
fine  basic  volcanic  ash  in  which  the  minutely  fragmental 
groundmass  has  been  silicified. 

The  best  field  evidence  showing  the  relations  of  the  black 
cherts  to  the  Ordovician  series  is  to  be  seen  near  Diorite  Knob, 
S.  Heathcote,  and  at  Red  Hill.  In  both  localities  dips  and 
strikes  of  the  black  cherts  agree  almost  precisely  with  those 
of  the  Ordovicians,  and  less  oherty  types  occur  between  the 
two  series.  Furthermore,  no  sign  of  conglomerates  containing 
chert  fragments  occur  between  the  two.     The  presence  of  chert 
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fragments  in  the  Silurian  conglomerates  constitute*,  the  best 
evidence  that  the  cherts  are  pre-Silurian.  The  total  absence  of 
conglomerates  at  the  junction  of  the  cherts  and  Ordovician 
shales  is  strong  negative  evidence  that  there  is  no  strati- 
graphical  break  between  them,  that  is,  that  the  cherts  are  not 
pre-Ordovician.  The  field  evidence  strongly  points  to  the 
black  cherts  representing  highly  silicified  Ordovician  tuffs  or 
fine-grained  bedded  fragmental  rocks  made  up  of  diabasio 
material.  The  mineralogical  and  penological  similarity  of  the 
black  cherts  from  near  Gate  47,  and  from  the  Lady's  Pass,  is 
so  close  that  there  can  be  little  doubt  that  they  also  are  altered 
Ordovician  rocks,  although  they  do  not  come  into  relation  at 
the  surface  with  normal  Ordovician  rocks. 

Specimens  of  banded  black  chert  (Nobby's  chert)  obtained  by 
me  when  visiting  Newcastle,  N.S.W.,  in  company  with  Prof. 
David,  are  almost  indistinguishable  from  some  of  the  Heathcote 
cherts.  It  is  interesting  to  tind  that  Prof.  David1  has  obtained 
clear  evidence  in  the  field,  and  Mr.  Card  in  microscopic  sections, 
that  this  chert  is  a  silicified  bedded  tuff.  Its  very  close  resem- 
blance to  some  of  the  Heathcote  cherts  suggests,  therefore,  a 
similarity  of  origin  for  the  latter. 

Origin  of  the  Silicification. — Dr.  Howitt  has  claimed  that 
the  silicification  of  the  Ordovicians  represents  the  direct  effects 
of  contact  metamorphism  due  to  the  intrusion  of  the  diabase 
into  the  Ordovician.  Prof.  Gregory,  on  the  other  hand,  main- 
tains that  the  cherts  represent  the  oldest  rocks  in  the  district, 
and  were  formed  in  pre-Ordovician  times,  and  that  the  diabase 
was  subsequently  intruded  into  them.  According  to  him,  then, 
the  cherts  are  not  in  any  way  genetically  related  to  the  diabase, 
but  he  does  not  discuss  at  all  the  question  of  how  they  were 
formed. 

Dr.  Howitt  has  shown  that  in  some  places  as  you  recede  fmm 
the  diabase  tho  silicification  is  less  intense.  The  change  is, 
however,  not  always  so  gradual. 

I  am  unable  to  agree  with  Dr.  Howitt  that  the  silicification 
is  duo  to  contact  metamorphism  by  the  intrusion  of  diabase. 
Tho  change  does  not  consist  in  a  production  of  new  minerals  by 

1  "The  Geology  of  the  Hunter  River  Coal  Measure*. "  Memoirs  of  Geol.  Sun.  of 
N.8.W.,  Geology,  No.  4,  Part  I.,  p.  17. 
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recrystallization  of  material  already  present  in  a  rock,  which  is 
the  normal  effect  produced  in  a  sediment  by  an  igneous  intru- 
sion. The  ordinary  minerals  produced  by  contact  metamorphism 
are  quite  unrepresented.  In  place  of  this  there  has  been  a 
fundamental  change  in  the  chemical  composition  of  the  rock. 
The  original  diabasic  constituents — lime,  magnesia*  and  iron — 
have  been  more  or  less  completely  removed,  and  replaced  by 
chalcedonic  silica.  It  seems  to  me  quite  improbable  that  a 
magma  of  the  composition  of  diabase  should  be  capable  of  sup- 
plying to  an  invaded  rock  silica  in  such  large  quantities.  This 
view,  moreover,  oan  only  be  maintained  on  the  hypothesis  that 
the  diabase  is  intrusive.  I  have  stated  above  my  reasons  for 
regarding  the  bulk  of  the  diabase  as  consisting  of  lavas  and 
pyroolastic  rocks,  and  the  cherts  as  being  probably  silicified 
bedded  submarine  diabase  tuffs,  or  at  any  rate  fragmental 
diabase  rocks.  On  this  view  the  diabase  may  be  older  than 
the  cherts,  but  is  more  probably  praotically  contemporaneous 
with  them,  and  therefore  cannot  be  regarded  as  the  direct  agent 
of  chemical  change. 

The  explanation  which  I  offer  of  the  production  of  the  cherts 
and  cherty  rocks  is  that  they  are  the  result  of  metasomatic  re- 
placement in  certain  parts  of  the  Ordovicians  by  silica-bearing 
solutions  traversing  the  rocks  subsequent  to  the  formation  of  the 
diabase  and  the  Ordovicians  in  contact  with  it.  This  view 
receives  confirmation  from  the  fact  that  the  diabase,  like  the 
Ordovicians,  is  locally  silicified,  and  in  places  almost  completely 
replaced  by  silica,  as  will  be  described  below.  This  circumstance 
makes  it  improbable  that  the  diabase,  which  is  itself  silicified, 
can  be  the  direct  cause  of  silicification  of  the  cherty  rocks. 

The  limitation  of  the  silicification  to  those  rocks  near  the 
junction  with  the  diabase  is  a  noteworthy  feature,  and  must,  I 
think,  be  discussed  in  connection  with  the  original  composition 
of  these  rooks.  These  I  have  shown  to  be  mainly  composed  of 
fragmental  diabasio  material  near  the  diabase,  and  as  you  go 
westwards  from  the  diabase  junction  you  pass  into  higher  beds 
in  the  series,  which  gradually  take  on  the  characters  of  normal 
shales.  I  think,  then,  that  solutions  carrying  silica  traversed 
diabase  and  Ordovician  alike,  and  that  selective  silicification 
took  place ;   some  of  the  diabases,  and  the  Ordovicians  which 
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were  composed  of  diabase  fragments,  were  of  such  composition 
and  character  that  chemical  interchange  most  readily  took  place, 
resulting  in  the  formation  of  various  kinds  of  silicious  diabase, 
and  of  the  different  types  of  cherts  associate  with  the  sedi- 
ments. Even  in  these  rocks  of  basic  composition  the  replace- 
ment has  taken  place  in  varying  amounts  in  different  places,  and 
this  may  possibly  be  due  to  differences  in  chemical  composition 
or  to  physical  differences  in  different  parts  of  the  series,  such 
as  original  differences  in  texture  or  in  the  porosity  of  the  rock 
through  which  the  solutions   passed. 

Evidence,  from  T  along  and  Lance  field  Areas. — The  selective 
character  of  the  silicification  is  perhaps  more  strikingly  illus- 
trated from  other  areas.  Mr.  Summers  (op.  cit.)  has  shown 
that  near  Tatong  cherts  are  interbedded  with  normal  sediments. 
A  visit  which  I  recently  made  to  the  Mt.  William  and  Lancefield 
districts  provides  another  illustration.  In  the  quarry  from 
which  the  typical  Lower  Ordovician  Lancefield  graptolites  have 
been  obtained,  unaltered  graptolite  bearing  shales  are  clearly 
interbedded  with  silicified  shales  containing  graptolites,  and 
with  dense  cherts  in  which  no  organisms  are  visible.  In  both 
these  cases  it  seems  to  me  to  be  clear  that  the  alteration  of  the 
rocks  cannot  be  due  to  contact  metamorphism  by  diabase  in- 
trusions, for  some  of  the  shales  are  quite  unaltered.  The  selec- 
tive silicifioation  must,  I  think,  be  connected  with  original 
chemical  and  physical  conditions  in  the  beds  themselves. 

The  only  evidence  I  have  seen  in  the  field  of  typical  contact 
alteration  of  the  Ordovician  rocks  near  the  diabase  series  is  at 
Mt.  William,  a  short  distance  from  Mr.  Donaldson's  house,  and 
I  am  indebted  to  that  gentleman  for  showing  me  the  principal 
rock  outcrops.  Near  hero,  besides  the  Ordovician  rocks  there 
occur  a  dense  diabase,  a  granite  porphyry  intrusive  into  the 
diabase,  and  an  outcrop  of  a  coarse-grained  granitic  rock  which 
is  an  extension  of  the  granitic  rock  of  the  Cobaw  Ranges.  The 
granite-porphyry  is  intrusive  into  the  diabase  as  the  micro- 
granite  of  Heathcote  is  intrusive  into  the  diabase  there.  I 
think  it  has  probably  orginated  in  the  same  way  as  a  residual 
more  acid  part  of  the  diabase  magma.  It  has  caused  little  or 
no  visible  alteration  in  the  diabase,  and  is  probably  of  com- 
paratively superficial   origin.     The  coarse-grained   granitic  rock, 
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on  the  other  hand,  is  typically  plutonic  in  aspect,  being  coarsely 
crystalline  and  porphyritic.  It  is  connected  with  the  Cbbaw 
massif  which  has  metamorphosed  the  Ordoviciane  in  contact 
with  it.  The  Ordovician  shales  near  here  ore  in  places  altered 
to  Chiastolite  slate,  and  there  can  be  little  doubt  but  that  the 
coarse-grained  granitic  rock  is  responsible  for  the  alteration,  and 
not  the  diabase  or  the  later  granite-porphyry. 

B.    Abnormal    Fentnre*    of  the  Diabase  Series. 

(a)  Silicification. — The  diabase  of  Tranter "s  paddock,  Knows- 
ley  East,  is  in  places  changed  to  a  dark,  dense  silicious  rock, 
somewhat  resembling  the  black  cherts,  but  showing  no  bedding 
planes. 

South  of  the  Gully  at  the  south  end  of  Red  Hill  there  is  a 
southerly  continuation  of  the  foliated  diabases,  which  here  have 
undergone  remarkable  chemical  replacement.  The  rock  presents 
various  stages  in  silicification,  and  in  places  solutions  have 
removed  practically  all  the  diabasio  material,  and  there  now  re- 
mains a  very  cavernous  rock,  consisting  mainly  of  well-shaped 
small  quartz  crystals. 

Production  of  the  Jasperoids.  — The  most  interesting  and 
remarkable  of  the  inetfisoinatic  changes  is  that  to  which  the 
formation  of  the  red  jasperoids  is  due.  No  discussion  as  to 
the  origin  of  these  jasperoids  has  yet  appeared.  Dr.  Howitt 
and  Professor  Gregory  and  Mr.  Lidgey  refer  to  them  as  meta- 
morphic,  and  in  a  recent  note  (op.  cit.)  Mr.  Dunn  has  described 
their  northward  extension  near  Tooleen,  where,  he  says,  "  they 
are  associated  with  an  ancient  igneous  rock." 

Jaspers  appear  always  to  be  formed  by  metasomatic  replace- 
ment of  certain  rocks  by  silica,  with  the  separation  of  some 
oxide  of  iron.  Red  jaspers  are  associated  with  the  ironstone  of 
Nowa  Nowa,  at  the  head  of  Lake  Tyers,  but  in  this  case  they 
can  be  olearly  seen  to  arise  from  the  alteration  of  ancient,  highly 
folded  sandstones.  The  jasperoids  of  Heathcote,  however,  are 
derived  from  the  diabase.  The  clearest  evidence  of  their  mode 
of  origin  can  be  seen  in  a  limited  exposure  of  massive  diabase, 
about  40  yards  west  of  the  Murray  road,  and  about  300  yards 
south  of  the   selwynite  outcrop.     Here,  within  a  few  feet,  all 
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stages  can  be  traced  between  a  compact  diabase  through  stages 
more  and  more  silicious  to  a  bright  red  jasperoid.  The  jaaperoid 
here  is  of  quite  limited  occurrence,  and  passes  outwards  in  all 
directions  into  the  dark,  dense  diabase.  Silica-bearing  solutions 
appear  to  have  traversed  the  rock  along  some  joint  or  fracture 
plane,  and  have  altered  the  rock  for  a  foot  or  two  from 
a  central  point.  The  jasperoid  is  itself  traversed  by  later 
formed  white  quartz  veins. 

Under  the  microscope  (No.  549)  (PL  XV.,  Fig.  3)  the  original 
structure  and  minerals  of  the  diabase  have  been  completely  lost. 
The  rock  now  consists  of  a  chalcedonic  replacement,  stained  red  by 
hematite,  probably  derived  from  iron  containing  minerals  in 
the  original  diabase.  The  deposition  of  the  iron-oxides  has 
been  irregular,  darker  and  opaque  areas  passing  across  the 
section  in  bands.  The  chalcedony  has  crystallised  from  centres 
in  radiating  groups  of  crystals.  Their  boundaries  are  defined 
in  the  rock  section  by  colourless  lines  of  secondary  silica.  In 
polarised  light  these  radiating  aggregates  show  irregular  black 
crosses. 

In  allotments  3q  and  3m,  Knowsley  East,  a  thin  strip  of 
metamorphio  is  shown  on  the  map,  while  the  diabase  is  not 
represented.  I  have  shown  above  that  foliated  diabase  actually 
occurs,  and  some  at  least  of  the  outcrop  of  "  Metamorphic  "  is 
in  reality  jasperised  diabase. 

In  the  Heathcote  district  it  is  safe  to  regard  the  jasperoid, 
wherever  found,  as  being  one  of  the  forms  of  silicified  diabase. 

Calcareo-siliceous  Rocks. — A  strip  of  very  altered  rocks  occurs 
in  South  Heathoote,  extending  to  the  N.  W.  from  just  north  of  the 
South  Heathcote  Hotel,  crossing  the  main  road,  and  terminating 
against  the  micro-granite  near  the  railway  cutting  at  the  back 
of  the  Ben  Nevis  Hotel.  Its  character  varies  from  place  to 
place.  At  one  spot  it  is  almost  a  carbonate  rock,  in  another 
almost  a  chert,  and  greenish  patches,  sporadically  developed, 
resemble  selwynite  in  colour,  being  probably  due  to  the  separation 
of  oxide  of  chromium.  It  was  originally  a  diabase  rock.  A 
section  taken  from  an  outcrop  200  yards  N.W.  of  the  S.  Heath- 
cote Hotel  will  serve  to  illustrate  some  of  the  characters  of  the 
rock.  Under  the  microscope  (No.  592)  (PI.  XV.,  Fig.  4)  one  can 
trace  two  stages  in  the  alteration  of  the  original  rock.     It  was  first 
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converted  into  a  ferruginous  carbonate  rock  by  decomposition  of 
the  original  silicate  by  carbonated  water.  Crystallization  of  the 
carbonates  proceeded  from  isolated  centres,  and  eventually 
became  confluent.  Later  silica-bearing  solutions  have  replaced  a 
good  deal  of  the  carbonates  by  chalcedonic  silica,  but  the 
original  boundaries  of  the  carbonate  areas  are  still  traceable  in 
the  cherty  areas  by  fine  dusty  inclusions. 

Tho  exact  nature  of  the  carbonates  cannot  be  determined 
under  the  microscope,  but  they  probably  consist  of  a  mixture 
of  lime,  magnesia  and  ferrous  carbonates,  the  latter  by  subse- 
quent partial  oxidation  have  imparted  a  red-brown  colour  to 
the  mass. 

On  the  W.  bank  of  the  Mclvor  Creek,  about  200  yards  N.W. 
of  this  point,  there  is  an  exposure  of  the  bedded  chert  series. 
The  relations  of  this  to  the  calcareo-siliceous  diabase  rock  can- 
not be  clearly  made  out. 

(6)  Corundum  in  the  Diabase. — Close  to  the  jasperoid,  300 
yards  south  of  the  selwynite  outcrop,  is  a  small  gully,  and  in  it 
I  found  a  mass  of  a  heavy,  purple  and  green  coloured  rock, 
which  was  found  to  consist  of  a  mixture  of  corundum  and  a 
green  micaceous  mineral.  The  specimen  was  not  in  situ,  but 
could  not  have  rolled  far,  as  the  gully  terminated  about  100 
yards  north  of  where  it  was  found. 

On  examining  the  workings  at  the  selwynite  outcrop,  Mr. 
Summers  found  a  second  lump  of  the  same  rock  associated  with 
the  selwynite.  A  section  from  the  first  specimen  (No.  550) 
(PI.  XVI.,  Fig.  1)  shows  prismatic,  pink,  highly  refractory  needles 
and  irregular  masses  of  corundum.  They  are  noticeably  pleochroic, 
and  have  polarization  colours  about  the  same  as  those  of  quartz. 
Stouter  prisms,  probably  of  a  pale  orthochrombic  pyroxene, 
showing  good  prismatic  cleavage,  generally  straight  extinction 
and  bright  polarization  colours  of  the  second  order,  also  occur. 
The  background  is  composed  of  a  very  pale  green  to  colourless 
micaceous  mineral,  probably  chromiferous.  Red  brown  to 
opaque  grains  of  chromite  are  also  sparsely  scattered  through  the 
rock  slice. 

On  examining  sections  cut  from  the  siliceous  diabase  which 
passes  into  jasperoid  at  the  outcrop,  300  yards  south  of  the 
selwynite,  evidence  was  obtained  that  the  corundum  occurred  in 
situ  in  the  diabase.     Under  the  microscope  (No.  551)  (PL  XVL, 
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Fig.  2)  it  is  seen  that  the  original  texture  of  the  diabase  is  almost 
completely  lost  owing  to  secondary  silicification.  In  one  place, 
however,  an  original  vesicular  structure  is  still  visible.  The 
secondary  silica  occurs  both  as  allotriomorphic  quartz  crystals, 
but  madnly  in  the  form  of  radial  chalcedonic  aggregates.  In 
ordinary  light  dots  of  opaque  iron  oxide  separate  the  radiating 
fibres,  and  in  polarised  light  the  fibres  give  a  black  cross. 
Scattered  through  the  rock  are  long  prisms  with  hexagonal  cross 
sections,  which  have  precisely  the  habit  of  the  corundum 
previously  described.  The  corundum  has,  however,  been  almost 
entirely  replaced  by  secondary  minerals,  including  opaque  oxide 
of  iron,  chalcedony,  chlorite  amd  carbonates.  This  is  only  the 
second  record  of  corundum  in  Victoria,  apart  from  its  occurrence 
in  the  deep  leads  and  alluvial  deposits.  The  first  occurrence 
was  noted  last  year  in  association  with  the  serpentine  of  the 
Mt.  Wellington  district,  in  Gippsland.  This  occurrence  has  been 
described  by  Mr.  Dunn1  amd  by  Mr.  Thiele.2  The  corundum 
occurs  as  blocks  on  the  surface  of  the  serpentine,  and  may  be 
"  in  situ,"  but  this  cannot  be  proved. 

This  occurrence  of  corundum  at  Heathoote  appears  to  be  the 
first  in  Victoria  in  which  it  has  been  traced  to  its  parent  rock. 
Its  crystallization  evidently  took  place  from  a  part  of  the  diabase 
magma,  not  only  locally  rich  in  alumina,  but  also  in  chromium, 
and  it  may  represent  a  local  segregation  from  the  normal  diabase. 
(c)  The  Selwynite  and  its  Origin. — This  substance,  described 
as  a  mineral,  was  first  referred  to  in  the  Exhibition  Essay  for 
1867.'  It  was  more  fully  dealt  with  by  Ulrich.1  Four  quanti- 
tative analyses  were  made  by  Cosmo  Newbery,  and  one  is  here 
recorded. 

Si0.2    -         -         -         -       47.15 

Ala08-         -         -         -       33.23 

CraOs-         -         -         -         7.61 

MgO  ....         4.56 

Na^O-         ... 

H20   -         -         -         -         6.23 


Total       -       98.78 


1  '  Mining  Standard,"  Oct.  16th,  1907. 

2  Proa  Roy.  Soc.  Victoria  (this  volume). 

3  Contributions  to  the  Mineralogy  of  Victoria,  1870,  pp.  21-26. 
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Traversing,  the  green  "  selwynite "  are  veins  of  an  almost 
colourless  micaceous  mineral,  described  by  Ulrich  as  "  talcosite." 
An  analysis  by  Newbery  gave  the  following  results:  — 

SiO,    ....       49.01 

A1A-         -         -  45.1 

Cra08  tr 

FeO  tr 

MgO  tr 

HaO    -         -         -         -         4.98 


Total       -       99.09 

It  has  been  recognised  for  many  years  that  the  substance, 
"selwynite,"  is  not  a  true  mineral  species,  but  a  mixture,  and  is,  in 
fact,  a  rock.  Microscopic  examination  of  a  thin  section  of  the  sub- 
stance (No.  566)  (Plate  XVI.„Fig.  3)  confirms  this  view,  and  shows 
that  at  least  four  minerals  are  ptesent.  The  groundtnass  forming 
the  bulk  of  the  rock  is  a  mineral  which  is  probably  chrome- 
bearing,  and  imparts  the  green  colour  to  the  rock  in  the  hand- 
specimen.  It  occurs  as  a  granular  or  scaly  meshwork  of  micro- 
scopio  colourless  crystals,  polarizing  in  neutral  tints  as  an 
aggregate.  Scattered  through  this  background  are  a  few  opaque 
grains,  probably  chromite,  and  many  larger  granular  crystals  of 
a  mineral  showing  rather  high  refraction,  purplish-brown  colour 
and  polarization  colours  of  the  second  order  similar  to  augite. 
The  mineral  is  slightly  pleoohroic,  and  may  be  an  altered  orthor- 
hombic  pyroxene.  The  remaining  mineral,  the  so-cadled  "  tal- 
cosite,'' occurs  in  a  vein  through  the  rock,  and  consists  of 
radiating  and  parallel  prismatic  crystals  of  a  colourless  to 
pale-green  micaceous  mineral  showing  high  polarization  colours. 

Corundum,  while  not  identified  with  certainty  in  section, 
occurs  with  the  selwynite  in  the  outcrop  by  the  Murray  road,  as 
mentioned  above. 

TTie  selwynite  outcrop,  while  near  the  junction  of  diabase 
and  Silurian  on  the  surface,  is  certainly  within  the  diabase 
boundary,  and  there  can  be  little  doubt  but  that  it  represents 
one  type  of  alteration  of  a  diabase  rock  formed  from  a  magma 
locally  rich  in  chromium  and  aluminium  oxides.  Solutions 
passing  through  this  rock  have  leached  from  it  most  of  the  lime 
and  magnesia,  and  have  introduced  water,  leaving  a  rock  con- 
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sisting  chemically  of   silicate   of   alumina,  water  and  oxides  of 
chromium  and  aluminium. 


10. — The  Aob  op  tiie  Rocks  of  Hbathcotb. 

(a)  Fossil*  of  the  Dinesus  Beds.-  -The  evidence  for  the  age  of 
these  n>cks  rests  on  a  few  fragments  of  trilobite,  some  badly 
preserved  brachiopod  fragments,  and  some  obscure  markings, 
thought  at  first  to  bo  graptolites  of  the  Bryograptus  type,  but 
later  regarded  as  probably  algal  in  character.  These  latter  and 
the  brachiopod8  afford  little  help  in  determining  the  age  of  the 
rocks.  The  trilobites,  according  to  Mr.  Etheridge,  junr.  (op.  cit.), 
have  Cambrian  affinities.  Professor  Gregory,  with  more  material 
to  work  on,  regards  the  fragments  as  containing  two  genera, 
both  new,  and  on  the  whole  probably  of  Lower  Ordovician  age. 
In  rock  sections  of  some  of  the  Dinesus  beds  I  have  noticed 
some  minute  circular  chalcedonic  areas,  some  apparently  tubular, 
which  may  bo  cross  sections  of  sponge  spicules,  but  no  definite 
structure  can  be  made  out.  Other  areas  suggest  the  possibility 
that  Radiolaria  may  bo  present. 

From  a  locality  near  the  junction  of  Dinesus  beds  and  the 
normal  Ordovician  I  found  on  splitting  open  some  shales  several 
casts  of  large  spicules  intersecting  at  right  angles,  characteristic 
of  Protospongia  a  fonn  which  in  Britain  I  believe  is  only  found 
in  Cambrian  rocks.  In  view  of  the  occurrence  of  Bryograptus  in 
Victoria  associated  with  Lower  Ordovician  forms,  not  much 
weight  can,  I  think,  attach  to  the  occurrence  of  these  sponge 
spicules  in  the  Dinesus  beds.  Their  presence  probably  would  not 
necessitate  placing  the  rocks  with  the  Cambrian  series  if  the 
evidence  of  the  trilobites  points  to  the  Lower  Ordovician  age  of 
tho  rocks. 

(b)  Fossils  of  the  Ordovician  Rock*. — I  have  above  stated  my 
reasons  for  dissenting  from  the  separation  of  the  beds  containing 
the  Dinesus  fauna  from  the  beds  which  succeed  them,  and  which 
have  been,  on  lithological  grounds,  regarded  as  Ordovician. 
Sections  were  made  from  a  rock  (No.  634)  (PI.  XV  I.,  Fig.  4)  occurring 
in  the  Ordovicians  '.0  feet  west  of  the  outcrop  of  thp.  hrerciated 
conglomerate  on  the  ro»d  running  W.  from  the  Murray  road 
towards  the    diabase   of  Tranter's  paddock.     Under  the  micro,- 
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scope  the  rock  is  seen  to  be  more  or  less  chertified,  and  to  con- 
tain numerous  longitudinal  and  transverse  sections  of  a  tubular 
organism,  some  of  which  are  branched.  The  cross-sections  are 
circular,  and  show  a  central  cavity  now  filled  with  chalcedony. 
I  am  unable  to  determine  the  nature  of  these  organisms.  Small 
circular  bodies  in  the  rock  are  suggestive  of  the  former  presence 
of  Radiolaria. 

Another  section  cut  from  the  saone  rook  shows  some  triradiate 
spicules,  and  other  four  rayed  spicules  intersecting  at  right 
angles,  which  are  referable  to  Protospongia.  This  is  the  first 
record  of  fossils  from  the  normal  Ordovioian  rocks  near  Heath- 
cote, but  their  evidence  does  not  help  much  in  fixing  the  age 
of  the  series.  Small  circular  areas  similar  to  those  described 
above  are  seen  in  sections  of  some  of  the  cherty  shales  of  the 
Dines  us  rocks,  and  are  also  recognisable  sometimes  in  an  iron- 
stained  condition  in  some  of  the  black  cherts,  as  for  instance 
those  near  Gate  47,  south  of  the  Heathcote  Railway  Station. 
It  is  possible  that  they  may  be  inorganic  segregations  of 
chalcedony,  but  their  defined  boundaries  and  occasionally  the 
suggestion  of  an  inner  wall  suggest  an  organic  origin,  and  I  have 
doubtfully  compared  them  to  Radiolaria,  whose  structure  has 
been  destroyed  by  secondary  silicification.  It  will  be  seen  that 
the  palaeontologies!  evidence  from  these  rocks  is  still  incon- 
clusive, and  it  seems  to  me  to  be  safer  to  continue  to  regard 
them  as  of  Lower  Ordovician  age  until  better  evidence  is  forth- 
coming. 

(c)  The  Age  of  the  Black  Cherts. — I  have  shown  above  that 
these  rocks  were  composed  mainly  of  diabase  fragments,  and 
that  their  peculiar  composition  led  to  their  almost  complete 
silicification.  Their  general  agreement  in  dip  and  strike  with 
the  Ordovicians,  and  the  complete  absence  of  conglomerates 
containing  chert  fragments  between  them  and  the  Ordovicians, 
points  to  their  being  the  lowt»t  part  of  the  bedded  Ordovician 
exposed  to  view.  At  Lancefield,  where  cherts  occur  not  only 
between  the  diabase  and  the  fossiliferous  Ordovician,  but  also 
interbedded  with  graptolite-bearing  shales,  their  Lower  Ordo- 
vician age  is  clearly  demonstrated. 

(d)  The  Age  of  the  Diabase  atid  other  Igneous  Bocks. — 
The  field  and  microscopic  evidence  is  not  so  complete  as  to  fix 
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with  certainty  the  age  of  the  igneous  rocks  and  their  relations 
tit  the  bedded  series.  The  sharp  break  between  the  foliated 
diabase  at  the  south  end  of  Red  Hill  and  the  diabagic  fragmental 
rocks  which  pass  upward  into  normal  Ordovician  shales,  may  be 
interpreted  as  on  unconformable  junction  of  an  older  series,  the 
diabase,  with  a  younger  one  largely  composed  of  detritus  from 
it.  Even  granting  the  unconformity,  the  relations  might  be 
explained  if  Lower  Ordovician  submarine  volcanic  tuffs  were 
piled  up  so  that  at  this  place  they  became  sub-aerial  and  with 
further  eruptions  part  of  the  material  was  deposited  on  land  and 
part  falling  into  the  sea  near  the  shore  line,  became  more 
bedded.  Subsequent  lateral  pressure  would  impart  foliation  to 
the  sub  aerial  series  and  tilt  the  submarine  series  at  a  high 
angle.  The  strike  of  the  foliation  of  the  diabase  differs  from 
that  of  the  bedded  series,  but  both  dip  at  almost  the  same 
angle,  70  deg.-80  deg. 

An  alternative,  and,  I  think,  on  the  whole  a  more  probable 
explanation,  is  that  the  junction  between  the  two  rocks  at  this 
place  is  a  fault  junction.  The  line  of  junction  runs  northerly 
froin  here  in  almost  a  straight  line,  and  it  seems  probable  that 
the  beds  to  the  west  have  been  let  down,  and  discontinuity 
produced  in  what  was  formerly  a  continuous  series. 

Evidence  from  the  northern  part  of  the  district  rather  supports 
this  hypothesis,  for  the  Dinesus  Beds  and  also  the  black  cherts 
(making  allowances  for  subsequent  alteration)  have  a  strong 
resemblance  to  submarine  bedded  tuffs  passing  upwards  on  the 
cessation  of  volcanic  activity  into  more  normal  sediments.  The 
bosses  of  diabase,  diorite,  felspar-porphyrite  and  micro-granite 
are  somewhat  later  intrusions  from  the  diabase  magma, 
and  in  most  cases  are  intrusive  into  the  diabase  series.  Some 
part  of  the  acid  rocks,  however,  come  into  relation  with  the 
cherts  and  cherty  Ordovicians,  and,  as  far  as  can  be  observed, 
have  not  effected  any  marked  alteration  of  the  sediments.  In 
view  of  their  probable  comparatively  superficial  origin  and  low 
temperature  of  consolidation,  this  is  not  surprising. 

While  much  of  the  diabase  was  of  the  oharacter  of  a  tuff, 
undoubted  massive  lavas  and  intrusions  occur,  and  if  the  diabase 
were  pre-Ordovician  one  would  expect  in  places  where  the  Ordo- 
vician shore  line  came  into  relation  with  massive  diabases  that 
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coarse  conglomerates  containing  diabase  fragments  would  occur. 
None  such  have,  however,  been  found. 

The  irregularities  in  the  surface  boundaries  between  Ordo- 
vioian  and  diabase,  and  the  more  or  less  inconstant  development 
of  black  cherts  along  the  junction,  as  shown  on  the  map,  are 
features  some  of  which  are,  I  think,  due  to  a  misinterpretation  of 
the  field  evidence.  Some,  however,  are  real,  and  I  think  they 
can  be  explained  on  the  view  that  submarine  vulcanicity  started 
in  Lower  Ordovician  times,  that  a  mixed  series,  consisting 
largely  of  imbedded  and  bedded  tuffs  and  lavas,  with  relatively 
minor  intrusions,  was  developed,  and  passed  gradually  upwards 
into  more  normal  sediments.  There  would  be  developed  irre- 
gularities in  thickness  in  the  diabase  series,  and  on  subsequent 
folding  and  denudation  the  present  more  or  less  embayed 
junction  between  Ordovician  and  diabase  would  be  produced. 

The  evidence  as  yet  available  of  the  relations  of  diabase  and 
Ordovician  is  not,  I  think,  so  clear  as  to  enable  a  positive  state- 
ment of  the  Ordovician  or  pre-Ordovioian  age  of  the  diabase 
to  be  made,  but  for  the  reasons  given  above  I  am  at  present 
inclined  to  group  it  with  the  Lower  Ordovician  sediments 
rather  than  as  forming  a  distinctly  pre-Ordovioian  aeries. 

(c)  Physical  Geography  of  the  Lower  Ordovician  Period. — 
Professor  Gregory  has  given  an  interesting  sketch  of  the  prob- 
able relations  of  land  to  sea  in  Lower  Ordovician  times,  based 
on  his  view  of  the  pre-Ordovician  age  of  the  chert*  and  diabases. 
He  correlates  with  the  Heathcote  rocks  outcrops  at  Lancefield, 
Dookie,  near  Geelong,  etc.,  and  maintains  that  a  barrier  of  pre- 
Ordovician  land  stretched  across  what  is  now  Victoria,  eastwards 
from  a  more  or  less  N.  and  S.  line  from  near  Geelong  through 
Heathcote  to  Dookie.  These  places,  according  to  Professor 
Gregory,  lie  along  the  eastern  marsrin  of  the  Lower  Ordovician 
sea,  and  define  the  eisterly  boundaries  of  the  Lower  Ordovician 
beds. 

Holding  as  I  do  a  different  view  of  the  origin  and  age  of  the 
cherts  and  the  diabases,  I  am  unable  to  agree  with  Professor 
Gregory  in  this  sketch  of  the  Lower  Ordovician  boundaries.  In 
my  opinion  there  are  no  good  grounds  for  regarding  the  present 
eastern  boundaries  of  the  Lower  Ordovician  series  as  marking 
their  most  easterly  development  in  Victoria.     I  regard  the  cherts 
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which  lie  on  the  eastern  flanks  of  the  diabase  and  granitic  rocks 
of  Heathcote  as  altered  Ordovician  rocks,  and  think  that  they 
probably  continue  for  some  distance  unknown  underneath  the 
Silurian  sediments. 

South  of  Lancefleld,  and  again  north  of  Keilor,  the  igneous 
rocks  are  not  represented  at  the  surface,  and  the  Ordovician 
and  Silurian  series  come  into  direct  relation  with  each  other. 
Although  no  precise  contact  of  the  two  series  has  been  observed, 
it  is  probable  that  the  Ordovicians  pass  underneath  the  Silurian*, 
and  that  the  latter  are  laid  down  unconformably  upon  them. 
I  think  the  lineal  development  of  the  diabases  at  the  surface  may 
be  due  to  their  being  brought  up  in  or  near  the  axis  of  a  big 
fold  of  the  Ordovician  series,  and  if  so,  the  Ordovicians  may 
continue  eastwards  for  some  distance  beneath  the  Silurian  rocks. 
Of  course  a  pre-Ordovioian  series  must  have  provided  the  bulk 
of  the  detrital  material  from  which  the  Ordovician  sediments 
have  been  formed,  and  such  a  series  may  be  represented  under- 
neath the  Silurian  series,  but  of  its  position  we  have,  I  think, 
no  positive  evidence.  No  Middle  or  Upper  Ordovician  rocks  are 
known  near  the  Heathcote  district  It  would  appear  that  move- 
ments of  elevation  took  place,  and  probably  during  the  Middle 
and  Upper  Ordovician  periods  this  was  a  land  area.  The  ex- 
posure of  the  harder  igneous  rocks  ait  the  surface  would  lead  to 
their  forming  a  ridge  which,  where  developed,  probably  defined 
the  western  shore  line  of  the  Silurian  sea,  along  which  coarse 
conglomerates  containing  cherts  and  diabase  fragments  were 
laid  down. 

(/)  Correlation  of  the  Heathcote  Bocks  with  Other  Areas. — 
Professor  (Jregory  and  Mr.  Dunn  have  correlated  with  the  rocks  of 
Heathcote  somewhat  similar  diubasic  and  chert y  rocks  from  a  num- 
ber of  other  localities.  References  to  these  papers  is  given  at  the 
C3inmencement  of  this  paper.  In  most  of  the  cases  cited  the 
rocks  in  question  are  either  surrounded  by  rocks  of  much  newer 
age  or  by  rocks  whose  age  is  unknown.  In  such  cases  the 
lithological  resemblance  of  basic  rocks,  and  sometime 8  cherts,  to 
the  Heathcote  series  is  considerable,  and  quite  possibly  may 
imply  a  similarity  in  age,  but  I  think  such  a  correlation,  in  the 
absence  of  stratigraphical  relations,  should  be  cautiously  applied, 
especially  in  view  of  the  recent  work  of  Mr.  Thiele,1  in  which 
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he  has  shown  that  cherts  and  jaspers  associated  with  the  serpen- 
tine area  of  Mt.  Wellington,  Gippsland,  contain  Upper  Ordo- 
vician  graptolites. 

Mr.  Summers1  has  also  shown  at  Tatong  that  a  series  of  cherts 
is  interbedded  with  unaltered  slates  whose  age  is  not  definitely 
fixed,  but  is  probably  Ordovician. 


11. — Conclusion. 

With  regard  to  the  conclusions  at  which  I  have  arrived  in  this 
paper,  I  find  myself  only  in  partial  agreement  with  previous 
workers. 

I  am  in  agreement  with  Mr.  Dunn  in  regarding  the  diabases 
as  mainly  effusive.  With  Professor  Gregory  I  agree  that  the 
diabase  is  pre-Silurian,  and  with  Dr.  Howitt  that  the  Ordo- 
vicians  are  altered  along  the  contact  with  the  diabase,  and  that 
the  black  cherts  are  altered  Ordovician  rocks.  On  the  other 
hand,  I  disagree  with  Dr.  Howitt,  who  regarded  the  diabase  as  a 
rook  intrusive  in  Devonian  times.  I  regard  it  as  mainly  effusive 
in  origin  and  probably  of  Lower  Ordovician  age.  With  Professor 
Gregory  I  am  unable  to  agree  in  the  interpretation  of  some  of  the 
field  evidence,  and  I  differ  from  him  in  regarding  the  cherts  as 
altered  Ordovicians  and  the  diabase  as  being  probably  Lower 
Ordovician  in  age,  and  in  his  interpretation  of  the  relations  of 
land  and  sea  in  Lower  Ordovician  times. 

The  new  evidence  which  is  brought  forward  in  this  paper  is 
as  follows :  — 

1.  Some  alteration  in  the  geological  boundaries  and  con- 
siderable alterations  in  interpretation  of  field  evidence. 

2.  The  finding  of  Protospongia  and  of  other  minute  organ- 
isms in  the  Ordovician  rocks,  and  the  possible  occurrence  of 
Radiolaria. 

3.  The  evidence  for  regarding  much  of  the  diabase  as  con- 
sisting of  foliated  diabase  tuffs. 

4.  The  explanation  of  the  original  composition  and  mode  of 
silicification  of  the  cherts. 

5.  The  diabasic  character  of  some  of  the  Ordovician  rocks. 

6.  The  origin  of  the  jasperoids. 
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7.  The  mode  of  origin  of  the  micro -granite  and  its  relation 
to  the  diabase. 

8*  The  finding  of  corundum  in  the  diabase  and  in  the 
selwynite. 

9.  The  possible  mode  of  origin  of  the  selwynite. 

10.  The  evidence  for  the  Lower  Ordovician  age  of  the  cherts 
and  of  the  diabase  series. 


DESCRIPTIONS  OF   PLATES   XIV-XVIII. 

The  numbers  of  the  rock  sections  have  reference  to  the  collections 
at  the  University  of  Melbourne.  All  the  rock  sections  were 
photographed  by  Mr.  H.  J.  Grayson,  and  were  taken  in  ordinary 
light.  ■    .  '      ' 

Plate    XIV. 

1.    Rock  section  618   x    11  diameters. 

"  Brecciated  conglomerate,"  exposure  in  road  running  west 
between  allotments  3in  and  3j,  Knowsley  East  Possibly  a 
coarse  grained  tuff.  It  consists  of  fragments  of  two  types  of 
diahasic  rock  more  or  less  altered  to  chert  by  secondary  siliciti- 
cation. 

'2.    Rock  Section  545   x   11   diameters. 

Agglomerate  of  Photograph  Knob,  S.  Heathcote.  Larger  and 
smaller  angular  diahasic  fragments  are  set  in  a  tine  grained 
indurated  ground -mass. 

3.  Rock  Section  576   x   11  diameters 

.Boulder  in  foliated  diabase  of  Red  Hill,  Heathcote.  An 
agglomerate  consisting  of  large  and  small  angular  fragments  of 
diabase  in  a  tine  ground-mass. 

4.  Rock  Section  583  x    11  diameters.  ., 

Diabase  tuff,  allotment  3q,  Knowsley  East.  The  rock  is 
distinctly  fragmeutal  and  contains  secondary  quartz  and  secondary 
felspars  partially  or  wholly  replacing  d  is  base  material. 

Plate  XV. 

1.    Rock  Section  584   x   11  diameters. 

Bedded  diabase  tuff(?)  Tranter's  Paddock,  M.  of  W.  Knowsley 
East.     A  silicitied  cavernous  rock,  cavities  originally  occupied  by 
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felspars  and  actinolite  (?)  Irregular  altered  augite  crystals  lie  in  a 
line-textured  silicified  ground-mass. 

2.  Rock  Section  612  x  11  diameters. 

Bedded  chert,  section  on  railway,  30  yds.  S.  of  Gate  47,  Heath- 
cote Some  of  the  dark  patches  are  of  igneous  material.  The 
circular  colourless  areas  with  inner  walls  (I)  are  probably  organic. 
The  rock  has  been  intensely  silicified. 

3.  Rock  Section  549   x   1 1  diameters. 

Jasperoid  alteration  of  diabase,  300  yds.  S.  of  selwynite  out- 
crop and  W.  of  Murray  Road,  Heathcote.  The  igneous  texture 
of  the  rock  has  been  completely  lost  by  secondary  silicification. 
Radial  chalcedonic  aggregates  form  the  bulk  of  the  rcxjk  and  are 
traversed  by  later  quartz  veins. 

4.  Rock  Section  592   x   11   diameters. 
Calcareo-siliceous  alteration  of  diabase  or  diabase  tuff,  200  yds. 

N.W.  of  S.  Heathcote  Hotel,  and  E.  of  Murray  Road.  Calcareous 
areas  represent  the  earlier  alteration  of  the  rock.  Later  silicifi- 
cation has  obliterated  much  calcareous  material,  the  boundaries 
of  areas  formerly  calcareous  being  defined  by  dark  lines  in  the 
present  chalcedonic  ground- in  ass. 

Plate  XVL 

1.  Rock  Section  550   x    1 1  diameters. 

Boulder  of  corundum  and  green  micaceous  mineral  from  Gully 
just  E.  of  jasperoid  and  300  yds.  S.  of  selwynite  outcrop,  Heath- 
cote. Corundum  occurs  in  elongated  prisms  and  also  in  irregular 
masses  at  the  right-hand  side  of  the  photograph.  Orthorhorabic 
pyroxene  (?)  occurs  in  broad  prisms  on  the  left-hand  side,  and  the 
light  background  consists  of  a  pale  green  micaceous  mineral. 

2.  Rock  Section  551    x    18  diameters. 

Silicified  diabase  with  corundum,  a  few  feet  from  jasperoid  and 
300  yds.  S.  of  Selwynite  outcrop,  Heathcote.  The  long  prisms 
formerly  corundum,  are  now  replaced  by  secondary  minerals.  The 
igneous  texture  of  the  rock  is  partially  obscured  by  radial 
crystallization  of  chalcedonic  silica. 

3.  Rock  Section  566   x    11  diameters. 

Selwynite  from  outcrop  junction  of  Murray  Road  and  road 
running  N.W.  towards  Derrinal  ;  about  2^  miles  N.  of  Heathcote 
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township.  The  vein  crossing  the  photograph  consists  of  a  light 
green  micaceous  mineral  polarizing  brightly.  The  pale  background 
of  the  rock  is  a  low  polarizing  aggregate  of  a  micaceous  or  scaly 
mineral  which  is  green  in  hand  specimen.  Grains  of  opaque 
chromite  occur  and  many  granular  brownish  crystals  of  altered 
orthorhombic  pyroxene  (?) 

4.   Rock  Section  634  x  1 1  diameters. 

Fossiliferous  Ordovician  shale  20'  W.  of  "  brecciated  conglom- 
erate "  in  road  between  allotments  3m  and  3j,  Knowsley  East. 
The  rock  is  crowded  with  sections  of  sponge-spicules.  Circular 
chalcedonic  areas  may  represent  altered  sections  of  Radiolaria. 


Platk    XVII. 

Fig.  1.    Section  through  Photograph  Knob,  Heathcote. 
Fig.  2.    Section  at  Red  Hill,  Heathcote. 


Platb  XVIII. 
Geological  Sketch  Map  of  the  Heathcote  District. 
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Art  XI. —  Variations  in  the  Anatomy  of  Hyla  aurea> 

By    GEORGINA    SWEET,    D.Sc, 

Melbourne  University. 

(With  Plates  XIX.,  XX.). 

[Read  9th  July,  1908.]. 

A  number  of  variations  in  the  morphology  of  this  form  have 
been  already  described  (see  Bibliography),  but  one  occasion- 
ally comes  across  others,  during  the  dissection  of  the  numbers 
which  pass  through  the  hands  of  Junior  Students  in  Biological 
Laboratories.  It  is  desirable  that  a  record  should  be  made  of 
these.  Accordingly  there  are  gathered  together  here  the  more 
important  of  those  noticed  during  the  last  few  years  in  the 
Biological  Laboratory  of  the  University  of  Melbourne.  I  wish 
to  thank  Professor  Baldwin  Spencer,  Dr.  T.  S.  Hall  and  others 
for  directing  my  attention  to  variations  which  might  not  other- 
wise have  come  under  my  notice. 


I.— Blood    Vessels. 

(i). — Arteries. 

There  have  recently  come  under  my  notice  three  individuals 
of  this  species,  two  of  which  (A  and  B)  have  4  aortic  arches 
on  either  side  instead  of  3,  as  in  a  normal  specimen,  the  third 
(C)  having  4  arches  on  the  one  side,  but  only  3  on  the  other. 
One  of  these  was  found  some  years  ago,  one  in  1907,  one  in 
1908.  In  each  (see  Text  figures  1-3)  the  additional  arch  lies 
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Specimen  A  of  Hyla  aurea, 
having  four  arterial  arches  in 
the  adult. 

1.  Carotid  arch. 

2.  Systemic  arch. 
M.  Vestigial  arch. 

4.  Pulmo-cutaneous  arch. 
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Specimen  B  of  Hyla  aurea, 
having  four  arterial  arches  in 
the  adult. 

(Reference  letters  as  in  Text- 
figure  1). 
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Specimen  C  of  Hyla  aurea, 
having  four  arterial  arches  in 
the  adult. 

(Reference  letters  as  in  Text- 
figure  1). 
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between  the  systemic  and  pulmo-cutaneous  arches,  and  arises 
from  the  pulmo-cutaneous  arch,  close  to  its  origin  from  the 
right  or  left  half  of  the  truncus  arteriosus.  It  then  runs  out- 
wards between  the  muscles,  M.  petrohyoideus  II.  and  III.,  and 
on  one  side  (R)  of  individual  A,  it  coils  about  considerably 
dorsal  to  M.  petrohyoideus  III.  and  ventral  to  the  systemic 
arch,  which  crosses  the  path  of  this  vessel  on  its  way  round  the 
oesophagus.  In  both  A  and  B,  and  on  each  side,  the  extra  arch 
opens  into  the  cutaneous  artery  soon  after  the  latter  leaves  the 
pulmo-cutaneous  arch.  In  individual  A  (Text  figure  1)  the  extra 
arch  divides  into  two  vessels,  one  coiling  round  to  meet  the 
cutaneous  artery,  the  other  running  forwards  and  outwards  to 
the  skin.  In  the  other  individual  B  (Text  figure  2)  the  extra 
j*rch  does  not  coil,  but  runs  almost  straight  into  the  cutaneous 
artery,  giving  off  just  before  this  union,  a  small  vessel  which 
runs  inwards  to  the  muscles  of  the  laryngeal  wall.  I  was 
unable    to    determine    whether    the   systemio    also    gave    off    a 
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vessel  to  the  larynx,  as  it  had  been  cut  previously  to  coming 
into  my  possession.  There  was  in  this  animal  no  vessel  to  be 
found  corresponding  to  that  going  to  the  skin  from  the  extra 
arch  in  the  other  individual.  In  C  (Text  figure  3)  the  extra  arch 
on  the  R.  side  does  not  open  into  the  cutaneous  artery  at  all, 
but  gives  off  a  large  and  long  branch,  accompanying  it  to  its 
destination.  The  rest  of  this  arch  curls  inwards  to  open  into 
the  systemic  arch  after  giving  off  branches  to  the  surrounding 
muscles. 

It  is  quite  evident  that  this  extra  arch  corresponds  to  the 
3rd  branchial  arch  of  the  embryo  which  normally  disappears  in 
the  frog,  but  has  in   these  cases  been  retained. 

In  a  fourth  individual  (Text  figure  4)  there  were  only  the 
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Individual  of  Hyla  aurea,  showing  abnormal  Carotid  and  Systemic 

arches. 

1.  Carotid  arch. 

2.  Systemic  arch. 

4.  Pulmo-cntaneou8  arch, 

o.  Occipital  artery. 

s.  Subclavian  artery, 

e.  Oesophageal  arteries, 

d.a.  Dorsal  aorta, 

c.-m.  Coeliaco-mesenteric  artery. 
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usual  3  arches,  of  which  only  the  L.  carotid  and  R.  and  L. 
pulmo-cutaneous  arches  are  normal.  The  right  carotid  arch, 
after  giving  off  the  lingual  artery,  continues  round  aa  an 
abnormally  large  vessel  to  empty  into  the  right  systemic  arch 
just  where  the  latter  gives  off  the  occipital  and  subclavian 
arteries,  and  two  branches  to  the  roof  and  sides  of  the  oeso- 
phagus. There  is  no  branch  corresponding  in  destination  to 
the  ordinary  carotid  artery  on  this  R.  side.  On  the  left  side 
the  carotid  arch  is  normal,  but  the  left  systemic  arch  ends 
abruptly  just  after  giving  off  the  occipital  and  subclavian  arteries. 

Thus  we  have  here  on  the  right  side  a  disappearance  of  the 
part  of  the  right  half  of  the  dorsal  aorta  anterior  to  the  1st 
branchial  arch  of  the  tadpole  :  while  the  connection  between 
this  arch  and  the  2nd  arch,  which  usually  persists  as  a  solid, 
connective-tissue  thread,  the  ductus  13otalli,is  here  still  widely  open. 

On  the  left  side,  the  part  of  the  left  half  of  the  dorsal  aorta 
posterior  to  the  origin  of  the  subclavian  artery  has  disappeared. 
It  is  difficult  to  understand  how  the  brain  get%  its  normal 
supply  of  blood,  since  the  right  carotid  artery  is  absent,  and 
no  other  vessel  appears  to  take  its  place,  and  the  left  carotid 
artery  is  only  normal  in  size  and  distribution.  The  arteries  in 
general  appear  less  subject  to  variation  than  do  the  veins.  It 
may  be  noticed  that  occasionally  the  oesophageal  arteries 
leave  the  systemic  arch  behind  instead  of  in  front  of  the 
subclavian  arteries. 

(ii). — Vein*. 

These  show  a  curious  tendency  to  split  into  2  branches, 
reuniting  a  little  distance  on,  thus  forming  a  loop  (see  Text 
figure  5)  generally  not  surrounding  any  special  structure.     This 


Abnormalities  in  veins  belonging  to  the 
precaval  system  of  Hyla  aurea. 

A.V.C.  Anterior  Vena  Cava. 

/{yQ  E.J.  External  Jugular  Vein. 

I.J.  Internal  Jugular  Vein. 

I.  Innominate  Vein. 

Sr-  Subscapular  Vein. 

SM  Subclavian  Vein. 
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looping  of  the  veins,  especially  seen  in  the  mandibular,  external 
jugular,  and  femoral  veins,  has  been  much  more  conspicuous  in 
the  frogs  this  year  (1908)  than  previously.  The  chief  variations 
found  are  as  follow :  — 

Anterior  Vena  Cava. — There  is  usually  not  only  one  lingual 
vein,  but  a  number  of  smaller  ones  coming  from  the  floor  of  the 
mouth  and  entering  the  mandibular  vein,  chiefly  in  front  of  the 
entrance  of  the  main  lingual  vessel.  Rarely,  the  lingual  itself 
arises  by  several  large  branches  which  unite  close  to  the  external 
jugular  vein.  The  mandibular  vein  receives  generally  a  large 
branch  frcm  the  skin  just  as  it  turns  inwards  at  the  angle  of  the 
jaw.  Occasionally  a  connection  was  found  between  the  two 
external  jugular  veins  across  the  ventral  surface  of  the  body. 

The  second  main  vein  of  this  system,  the  so-called  innominate 
of  the  Amphibia,  and  its  branches,  are  the  most  variable  in  the 
body.  The  innominate  vein  may  be  comparatively  long,  i.e., 
up  to  5-6  mm.  At  other  times,  it  is  entirely  absent,  its  two 
component  branches  entering  the  anterior  vena  cava  side  by 
side  (see  Text  figure  5).  Rarely,  the  internal  jugular,  subs- 
capular, and  main  subclavian  veins  all  enter  a  short,  wide 
vessel,  which  joins  the  external  jugular  vein  to  form  the 
anterior  vena  cava  (see  Text  figure  6).    As  an  exaggeration  along 
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\  Abnormal  precaval  venous  system  of  Hyla  aurea. 

JVC 

(Reference  letters  as  in  Text-figure  5). 
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this  same  line  of  variation,  the  whole  innominate  vein,  with  a 
length  of  1  mm.,  has  been  seen  to  empty  into  the  subclavian 
vein,  at  about  one-half  of  the  length  of  the  latter  (see  Text 
figure   7).     A  further  development  of  the   condition   in  which 
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Abnormal  precaval  venous  system  of  Hyla  aurea. 
(Reference  letters  as  in  Text-figure  5). 
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there  is  simply  no  innominate  vein,  is  seen  in  a  case  (see  Text 
figure  8)  in  which  the  subscapular  vein  entered  the  mandibular 


Abnormal  precaval  venous  system  of  Hyla 
J.VC  aurea. 

(Reference  letters  as  in  Text-figure  5). 
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]\irt  before  the  latter  was  joined  by  the  lingual  vein — the 
internal  jugular  uniting  with  the  external  jugular  and  sub- 
clavian to  form  the  anterior  vena  cava.  On  the  other  hand, 
it  is  a  comparatively  common  occurrence  to  find  the  subscapular 
vein  entering  at  any  point  of  the  subclavian  vein. 

The  internal  jugular  vein  itself  occasionally  shows  a  curious 
branching  (see  Text  figure  5).  In  addition  to  its  usual  branches 
in  the  head,  it  sometimes  receives  two  very  large  dorsal  or 
vertebral  veins,  and  in  addition,  in  two  examples,  these  were 
joined  by  a  very  large  vessel  coming  from  the  roof  of  the 
oesophagus.  In  one  case,  this  originated  in  a  large  plexus. 
Tli is  takw  place  on  each  side  of  the  body,  this  oesophageal  vein 
running  ventral  to  the  brachial  nerve  and  subclavian  artery, 
and  dorsal  to  the  subscapular  and  subclavian  veins. 

With  the  exception  of  the  variations  mentioned  above,  the 
subclavian  veins  do  not  show  any  marked  abnormalities.  In 
one  instance,  however,  a  vein  arising  from  the  oesophageal 
wall,  entered  the  subclavian  vein,  instead  of  going  further  for- 
ward to  the  internal  jugular  vein,  as  described  above.  It  is 
also  quite  a  common  occurrence  to  find  one,  or  often  two 
vessels  from  the  coracoid  region  entering  the  sul>clavian  vein  at 
varying  distances  along  its  length. 

The  Posterior  Vena  Cava  appears  free  from  variations. 

The  Portal  Systems  are  also  fairly  constant  in  their  arrange- 
ment. A  few  abnormalities,  however,  may  occasionally  be 
found,  e.g.,  an  extra  renal  portal  vein  on  one  or  both  sides,  a 
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looping  of  the  femoral  vein  just  before  its  division  into  renal 
portal  and  pelvic  veins,  or  a  plexus  with  large  or  small  vessels 
at  the  same  part.  In  two  specimens  I  oame  across  a  curious 
condition  of  the  anterior  abdominal  vein,  which,  though  full  of 
blood  posteriorly,  stopped  short,  in  one  case,  half  way  along  its 
length,  in  the  other  somewhat  further  forward.  In  neither 
individual  therefore,  was  the  blood  able  to  pass  forwards  to  the 
liver  in  the  usual  direct  manner  from  this  vessel,  nor  was 
I  able  to  find  amy  abnormal  communication  with  other  vessels. 

II.— Spinal    Nerves. 

Since  the  publication  of  my  previous  paper  on  the  Variations 
of  the  Spinal  Nerves  of  this  form,  some  few  additional  points 
have  come  to  light,  although  in  the  main  there  is  nothing  fresh. 

I  am  adhering  to  the  numeration  of  the  nerves  in  this  pre- 
vious paper  for  the  sake  of  easier  comparison  therewith. 

II. — The  Hypoglossal-  -The  muscular  branches  of  this  nerve 
vary  considerably  in  their  point  of  origin.  Sometimes  they 
arise  much  closer  to  the  vertebral  column  than  at  others,  and 
then  often  by  a  single  large  branch  which  can  be  easily  seen 
without  dissection.  This,  later,  breaks  up  into  the  branches 
supplying  the  several  muscles.  This  has  been  much  more 
conspicuous  this  year  than  usual.  The  hypoglossal  is  usually  a 
moderately  thin  nerve,  but  in  one  instance  noted  it  was  as 
large  as  the  brachial  nerve,  which,  however,  was  much  smaller 
than  usual.  Here,  also,  a  large  additional  coraoo-clavicular 
nerve  was  given  off  from  the  hypoglossal. 

This  year  there  has  been  a  marked  tendency  to  a  duplicating 
or  splitting  of  the  spinal  nerves  either  as,  or  before  they  leave 
the  spinal  canal.  This  is  true  in  a  few  cases  of  the  hypoglossal, 
the  two  parte  running  side  by  side  and  each  branching  in  the 
normal  manner. 

///. — The  Brachial  is  very  constant,  though  the  same  loop- 
ing seen  in  the  veins  this  year  is  seen  in  this  nerve  also,  in  a 
few  instances.  In  one  or  two  of  these,  the  Ilnd  nerve  fused 
with  one  part  of  the  loop,  leaving  it  again  before  the  junction. 

IV. — In  one  instance  IV.  was  equal  in  size  to  III.,  and  the 
two  completely  fused  together  just  after  the  coraco-clavicular 
had  been  given  off.     This  is  evidently  an  exaggeration  of  the 
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condition  shown  in  Fig.  5,  iii.  (Sweet,  '97).     The  duplication  of 
nerves  is  seen  also  in  this  one  (see  Text  figure  9  of  the  present 


Brachial  and  two  succeeding 
nerves  of  right  side. 

paper),  the  anterior  division  running  sharply  forwards  first 
ventral  to,  then  turning  dorsal  to,  the  transverse  process  of 
the  Illrd  vertebra,  and  running  back  to  accompany  the  posterior 
division  to  its  destination. 

V .,  VI.  and  VII.  call  for  no  comment,  except  that  one  may 
rarely  be  absent  on  one  or  both  sides — especially  the  5th — 
the  vertebral  column  being  normad  in  these  cases. 

VIII.,  IX.,  X.  and  XI.  are,  as  previously  described,  subject 
to  considerable  variation.  The  variations  show  no  departure 
in  general  from  those  then  given.  Fig.  I.  (i)  appears  fairly 
often,  and  then  generally  with  XL  entering  the  sciatic  nerve, 
after  the  crural  has  been  given  off,  as  in  Fig.  4  (i.).  In  cases 
where  XI.  is  large,  and  has  such  an  intimate  relation  with  the 
sciatio  plexus,  one  is  generally  sure  of  finding  a  Xllth  nerve, 
indicating  the  more  primitive  condition. 

This  condition  is  somewhat  similar  to  that  shown  by  Cole  for 
Rana  temporaria,  without  a  post-coccygeal  nerve,  and  for  Rana 
eaculrnla,  with  a  post-coccygeal  nerve. 

A  number  of  examples  of  double  VHIth  nerves  were  found, 
generally  on  one  side  only.  They  were  sometimes  equal  in 
size,  less  often  the  more  posterior  division  was  very  fine  indeed. 

As  examples  of  the  more  advanced  condition  of  this  plexus 
may  be  cited  the  following: — VIII.  large,  IX.  normal,  X.  smaller 
than  usual,  XI.  absent  (cf.  loc.  cit.,  Fig.  2,  viii.).  In  another  case 
in  which  VIII.  and  IX.  were  equally  large,  and  fused  high  up,  to 
form  the  sciatio  nerve,  the  Xth  and  Xlth  were  very  small  in- 
deed, and  their  plexus  received  a  tiny  branch  from  the  fused 
VIII.  and  IX.,  and  at  a  lower  level  gave  back  to  them  an  even 
smaller  twig. 
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XII. — This  is  found  in  3-4  per  cent,  of  cases,  as  previously 
described,  and  only  when  XI.  is  larger  than  usual. 

It  will  be  seen  that  I  am  still  of  the  opinion  that,  so  far 
as  evidence  shows  up  to  date,  the  sacral  plexus  appears  to  be 
moving  forwards,  the  coccygeal  nerve  gradually  diminishing  in 
physiological  importance,  as  previously  shown  by  Adolphi  ('93, 
'95,  '98  — )  and  myself  ('97 — ).  Cole  (p.  116)  acknowledges  the 
fact  that  as  "  the  vertebral  axis  shortens  up  from  behind,  for- 
wards, to  produce  the  complex  known  as  the  urostyle,  several  of 
the  most  posterior  spinal  nerves  are  eliminated  in  the  process," 
as  shown  by  Adolphi  (loc.  cit.).  At  the  same  time,  he  considers 
that  the  sacral  plexus  is  moving  back — i.e.,  he  apparently 
believes  that  up  to  a  certain  stage  a  reduction  of  spinal  nerves 
in  the  sacral  region  takes  place,  followed  in  the  next  stage  by  an 
addition  of  nerves  in  the  same  relative  positions  as  were  those 
which  have  been  lost.  Until  we  have  much  more  definite 
evidence  of  such  an  apparently  uneconomical  method  of  develop- 
ment, either  in  the  individual  or  the  group,  it  is  unnecessary  to 
imagine  such  a  process. 

As  to  the  statistical  method  employed  by  Adolphi  and  myself, 
which  Cole  considers  open  to  criticism,  while  agreeing  that  the 
thickness  of  a  nerve  may  not  be  an  infallible  guide  as  to  its 
physiological  power,  it  aippears  to  me — in  the  absence  of  direct 
evidence  to  the  contrary  in  the  Amphibia — that  it  may  be 
accepted  as* an  indication  of  probable  importance. 


III. — Urinogenital    System. 

Variations  in  the  structure  of  this  system  are  very  rare.  In 
one  instance,  found  this  year,  there  was  present  on  each  side  in 
a  male  frog,  a  medium-sized,  well-formed  oviduct.  This  ex- 
tended from  the  funnel  at  the  anterior  end,  as  far  as  the  middle 
of  the  length  of  the  kidney,  where  it  ended  abruptly.  For  the 
greatest  part  of  its  length  it  coiled  in  the  usual  manner.  The 
two  sides  were  similar.  No  trace  of  a  "  Bidder's  organ  "  could 
be  found,  and  the  vasa  efferentia  and  fat  bodies  were  normal. 
From  a  surface  examination  the  testes  also  appeared  normal, 
but  a  series  of  sections  showed  clearly  the  presence  of  15-20 
ova,  scattered  irregularly  through  the  substance  of  the  testes, 
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generally  singly,  but  sometimes  in  groups  of  two.  Here,  for 
Rome  reason  or  other,  the  Mullerian  duct  has  gone  on  developing 
more  than  is  usually  the  case  in  the  male  frog,  and  some  of  the 
cells  of  the  germinal  epithelium  have  formed  ova ;  but  still  no 
communication  has  been  established  between  the  oviduct  and 
the  cloaca.  There  can  be,  therefore,  no  functional  activity  of 
the  oviduct,  at  all  events. 

IV.     Skeleton. 

(i).   -Vertebral  Column. 

Variations  in  the  skeleton  are  also  to  be  met  occasionally. 
The  most  remarkable  example  which  has  been  seen  here  is  that 
shown  in  PL  xix.,  Fig.  1 — for  which  figure  I  am  indebted 
to  Professor  Baldwin  Spencer.  In  this  individual  (W),  it  will  be 
seen  that  the  neural  arches,  as  well  as  the  bodies  of  the 
vertebra*,  are  very  much  distorted,  those  of  the  7th  and  8th 
being  fused  together,  that  of  the  9th  being  completely  fused 
with  the  urostyle.  The  malformation  of  all  the  processes  is 
very  conspicuous.  Although  there  is  the  correct  number  of 
transverse  processes  on  the  right  side,  their  number  and  rela- 
tionships on  the  left  side  are  quite  abnormal.  On  reference 
to  the  figure,  it  may  be  observed  that  the  left  transverse  process 
of  the  2nd  vertebra  has  become  articulated  to  the  1st  vertebral 
body  -that  of  the  3rd  is  now  on  the  2nd,  and  so  on  to  the  large 
transverse  process  of  the  sacral  vertebra  9,  which  is  attached 
to  the  hinder  part  of  the  left  side  of  the  fused  7th  and  8th 
bodies --while  the  part  of  the  urostyle  representing  the  9th 
body,  has  on  its  left  side  a  small  backwardly  directed  process, 
and  on  the  right  the  large  sacral  process  is  articulated  with  it. 

In  a  second  individual  (X)  (see  PI.  xix.,  Fig.  2),  both  sides  of 
the  skeleton  showed  a  somewhat  similar  condition  to  that 
present  on  the  left  side  of  the  previous  one  (W),  i.e.,  the  trans- 
verse processes  of  each  of  the  2nd  to  the  9th  vertebra?  are 
transferred  to  the  vertebra  in  front.  The  9th  vertebra,  which 
is  not  fused  with  the  urostyle,  has  no  true  transverse  pro- 
cesses. Its  posterior  zygapophyses,  however,  are  very  much 
elongated,  and,  viewed  from  below,  may  be  seen  to  have  a  con- 
nection with  the  side  of  the  neural  arch,  as  though  a  rudimen- 
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tary  transverse  process  on  each  side  bad  become  fused  with  the 
zygapophysis,  as  it  elonganted  to  take  on  the  general  functions  of 
the  transverse  processes.  The  bodies  of  vertebne  1  to  7  are  normal. 
That  of  8  is  procoelous,  but  is  abnormal  posteriorly  where  it  has  two 
convex  surfaces,  one  on  each  side,  as  is  normal  for  number  9.  The 
latter,  again,  is  abnormal  anteriorly,  its  2  concave  surfaces 
fitting  on  to  number  8.  Posteriorly  9  is  normal  except  that  its 
2  convexities  are  very  prominent,  and  the  urostyle  is  corres- 
pondingly deeply  concave. 

In  yet  a  third  individual  (Y),  (see  PL  xix.,  Fig.  3),  exactly  the 
same  condition  of  the  8th  and  9th  processes  and  vertebrae  is 
present :  i.e.,  the  sacral  processes  are  on  the  8th  vertebra,  and 
9  carries  two  very  long  posterior  zygapophyses,  equal  in  size  to 
the  transverse  processes  of  the  4th  vertebra — but,  as  contrasted 
with  (X),  the  rest  of  the  vertebral  column  is  quite  normal.  So 
that,  while  in  (Y)  the  large  processes  of  the  3rd  vertebra  are 
normal,  in  (X)  they  are  situated  on  the  2nd  vertebra.  .The 
centra  of  (Y)  are  very  similar  to  those  of  (X),  except  that  the 
hinder  end  of  the  8th  body  is  very  irregular  on  the  left  side, 
the  opposed  part  of  the  9th  being  correspondingly  irregular — 
the  hinder  end  of  9  and  the  urostyle  are  normal. 

It  is  not  unusual  to  find  processes  on  either  or  both  sides  of 
the  urostyle  itself  in  otherwise  normal  frogs  (e.g.,  PL  xix.,  Figs. 
4  and  5).  Sometimes  these  processes  are  as  long  as  those  of  the 
5th,  6th  and  7th  vertebrae,  and  evidently  represent  those  of  a 
potential  10th  vertebrae  fused  with  the  urostyle.  The  bodies 
of  the  vertebrae  of  the  sacral  region  are  normal  in  these  speci- 
mens. 

Since  writing  the  ahow,  a  Gtli  skeleton,  evidently  that 
of  Hyla  aurea,  has  been  handed  to  me.  This  individual  (V)  is 
shown  in  PL  xx.,  Figs.  8a,  8b.  The  whole  vertebral  column  is 
very  short.  This  is  due,  primarily,  to  a  widespread  fusion  of 
parts  in  its  anterior  region.  Vertebra?  6-9  are  normal  as  regards 
size,  shape  and  relationships,  though  the  body  of  8  shows  hardly 
any  ossification.  The  remaining  vertebrae  are,  however,  much 
changed.  Vertebra  1  consists  of  a  ventral  body,  carrying  on 
its  right  side  one  half  of  the  normal  neural  arch,  with  the  right 
concave  articulating  surface,  which  receives  the  corresponding 
condyle  on  the   right   exoccipital   bone.     The   left   half  of  the 
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neural  arch  is  wanting — and  correspondingly  the  left  exocci- 
pital  has  no  condyle,  the  vertebral  column  being  simply  very 
closely  connected  with  the  skull  on  the  left — so  closely  that  it 
is  only  after  careful  examination  that  one  is  sure  that  it  is 
not  fused.  The  bodies  of  the  2nd,  3rd,  4th  and  5th  vertebrae 
are  completely  fused,  and  somewhat  distorted.  This  ventral 
fused  mass  is  procoelous,  and  convex  behind.  The  bodies  of 
the  2nd,  3rd  and  4th  vertebrae  are  incomplete  on  the  left  side 
(see  PI.  xx..  Fig.  8b).  The  neural  arches  of  the  2nd  and  3rd,  and 
of  the  4th  and  5th,  are  fused  in  a  peculiar  distorted  way,  which 
may  be  readily  seen  on  reference  to  PL  xx.,  Fig.  8a.  The  trans- 
verse processes,  which  are  slightly  broken,  appear  to  have  been 
nearly  normal  on  the  right  side.  On  the  left,  however,  those 
belonging  to  the  2nd  and  3rd  vertebrae  are  absent,  the  space  left 
in  this  way  and  by  the  incomplete  centra  forming  a  long  oval 
opening  through  which,  presumably,  the  2nd,  3rd,  4th  and  5th 
spinal  nerves  left  the  spinal  column  on  the  left  side.  The 
transverse  processes  of  the  4th  and  5th  vertebrae  on  this  left 
side  arise  from  the  region  of  the  anterior  part  of  the  5th  neural 
arch  by  a  broad  common  ba*se,  which  soon  splits  into  2,  one 
turning  outwards  and  forwards,  the  other  running  outwards 
and  very  slightly  backwards.  The  transverse  processes  of  the 
6th  and  9th  are  appreciably  larger  on  the  left  than  on  the  right. 
The  general  relations  of  the  vertebrae  will  be  seen  clearly  on 
reference  to  the  Plate  xx.,  Figs.  8a  and  8b.  The  rareness  of  such 
variations  in  Hyla  aurea  may  be  guessed  from  the  fact  that 
the  variations  herein  recorded  have  been  gathered  fmiu  over 
two  thousand  frogs. 

Fusion  of  vertebrae  is  not  unknown  in  the  Anura,  though  I  am 
not  aware  of  it*  having  been  previously  recorded  in  Hyla.     In 
addition  to  the  cases  in  Pi  pa  and  Xetwpus,  figured  by  Ridewood 
(1897),  the  following  are  the  chief  records  available  to  me:  — 
1-1-2  Pelobates  f uscus,  symmetrical.      Adolphi,  '95,  tigs.  2,  3 

„  Rana  mugiens,  not        „  Benham,'94,tigs.  1,3,4,6 

1+2  +  3,  Pelobates  fuscus  „  „  Adolphi,  '95,  tig.  5 

2  +  3  Bufo  cinereus,  „  „         '98,  tig.  1 

3  +  4  ,,  ,,  »  j»  »j        - 

„  Rana  mugiens,  not        „  Benham,   '94,  tigs.  1,  2 

3  +  4  +  5,      „  „  „         „  „      '94;tigs.7,8,9,10 
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4  +  5  +  6,  Bufo  cinereus,  symmetrica]. 

7  +  8  Rana,  mugiens,  not        ,, 

8  +  9  Rana  esculenta  „ 


8  +  9         Pelobates  fuse  us 
8  +  urostylo  Bufo  ciuereus  „ 

8  +  9  +  urostyle, 

Bufo  variabilis,  nearly 
„  „     pantherinus    „ 

9  +  urostyle, 

Bufo  variabilis 
9  +  10+(?)urostyle 

Pelobates  fuscus      ,, 


Adolphi,  '98,  tig.  3 
Benham,  '94,  tigs.  1,  2 
Howes,  '93,  tig.  1 
Cole,  '01,  tig.  4 
Ridewood,  '02,  p.  46 
Adolphi, '95,  tigs.  10,  11 
Adolphi,'98,figs.  5,6,7,8 

Adolphi,  '93,  fig.  4 
Benham,  '94,  fig.  16 

Adolphi,  '93,  figs.  6,  7 


Adolphi,  '95,  figs.  2,  3, 
4,  6,  7,  8 
From  this  table  it  is  easily  seen  that  the  fusion  of  vertebrae 
2,  3,  4  and  5,  in  individual  (V)  of  Hyla  is  somewhat  more 
extensive,  resulting  in  greater  distortion  and  loss  of  parts, 
especially  as  involving  one  of  the  condyles  of  the  skull,  and  the 
2nd  and  3rd  transverse  processes,  and  the  left  side  of  the  bodies, 
resulting  in  a  shortening  of  the  whole  vertebral  column.  The 
curious  arrangement  found  in  (W),  (see  PL  xix.,  Fig.  1),  whereby 
each  vertebra  from  2-8  carries  a  transverse  process  belonging 
on  the  left,  apparently  to  the  vertebra  behind,  as  well  as  its 
own  on  the  right,  is  comparable  in  part  with  that  shown  by 
Benham  ('94,  Figs.  V  and  2),  though  brought  about  in  a  different 
manner.  There  is  there,  however,  no  interference  with  the 
arrangement  of  the  sacral  processes,  such  as  we  find  here.  In 
this  respect  this  specimen  of  Hyla  may  rather  be  compared  with 
the  vertebral  column  figured  by  Adolphi  ('98,  Figs.  7  and  8), 
though  not  exactly  similar  even  to  that,  the  body  of  vertebra 
9  being  in  that  case  still  distinguishable  from  the  urostyle,  while 
here  it  is  completely  fused.  The  position  of  the  sacral  processes 
on  8  instead  of  on  9,  as  seen  here  in  (X)  and  (Y),  may  be  com- 
pared with  Adolphi's  (98),  Fig.  5,  though  there  the  9th  is  indis- 
tinguishable from  the  urostyle,  while  here  it  is  not  in  any  way 
fused.  A  similar  disjunction  is  seen  in  the  specimen  of  Rana 
ttmporaria,  quoted  by  Lloyd  Morgan  (Nature,  vol.  35,  p  53),  in 
which  the  right  sacral  process  is  carried  by  the  9th  vertebra, 
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while  the  left  sacral  process  is  carried  by  the  8th — also  some- 
what similarly  in  Bombinator  sp.,  by  Howes,  in  which  he  found 
the  right  sacral  process  on  the  head  of  the  urostyle  ( =  "  coccy- 
geal sacrum  "),  the  left  being,  presumably,  on  the  9th  vertebra. 

Accepting  the  view  that  the  positions  of  the  vertebrae  are 
determined  by  the  original  myotomes  of  the  embryo,  the  pelvis 
being  only  secondarily  affected,  it  is  easy  to  understand  that 
not  only  may  any  vertebra  become  sacral  in  function,  but,  fur- 
ther, if  the  iliac  cartilages  be  disturbed  or  irregular  in  position, 
the  sacral  processes  will  become  correspondingly  irregular  in 
their  attachments  to  the  relatively  fixed  vertebra?. 

The  existence  of  the  processes  belonging  to  a  potential  10th 
vertebra,  which  is  not  infrequent  in  J/i/la  anrea,  and  is  exempli- 
fied in  PL  XIX.,  Figs.  1,  4  and  5,  has  also  been  noted  by  Adolphi 
in  Bnfo  cinereus,  etc. 

In  view  of  our  present  unsatisfactory  method  of  estimating 
the  homologies  of  similar  structures  (see  Parker,  '96,  and  Bate- 
Ron,  '92),  I  fyave  simply  recorded  in  detail  the  variations  found, 
numbering  the  parts  concerned  according  to  the  conventional 
manner,  and  giving  exact  drawings  to  scale  of  the  same. 

(it).  —Appendicular  Skeleton. 

The  curved  epicoracoids  characteristic  of  the  Hylidae,  as  of 
other  families  of  the  Arcifera,  vary  somewhat  in  their  relation 
to  one  another  in  Hyla  aurea.  The  more  usual  condition  is 
that  in  which,  while  not  firmly  attached  to  one  another,  the 
right  epicoracoid  lies  ventral  to  the  left — but  in  approximately 
4  per  cent,  of  individuals  the  reverse  is  the  case,  the  right* 
being  dorsal  to  the  left. 

In  a  few  instances  variations  are  found  in  the  limbs.  Thus 
in  one  case,  while  one  foot  was  quite  normal,  the  phalanges  of 
the  other  foot  showed  a  curious  variation  from  the  numbers 
characteristic  of  each  toe  (see  PL  xx.,  Fig.  6).  Thus,  instead 
of  the  1st,  2nd,  3rd,  4th  and  5th  toes  containing  2,  2,  3,  4,  3 
phalanges  respectively,  as  is  usually  the  case,  they  here  con- 
tained 2,  3,  4,  3  and  3  respectively — i.e.,  the  second  and  third 
toes  had  each  one  more  phalani  than  usual,  and  the  fourth 
one  less  than  usual,  the  third  toe  being  the  longest,  instead  of 
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the  fourth,  as  is  usual.  The  length  of  the  metatarsals  also  was 
abnormal — the  4th,  and  especially  the  5th,  being  much  shorter 
than  the  3rd,  instead  of.  as  usual,  equal  in  length  with  it. 

In  another  individual  (PI.  xx.,  Figs.  7a  and  7b),  both  feet  were 
abnormal,  and  also  unlike  one  another.  In  the  left  foot  there 
were  only  4  toes,  the  metatarsal  and  phalanges  of  the  first 
being  absent.  In  the  right  foot  there  were  6  toes,  an  additional 
metatarsal  and  2  phalanges  being  present  on  the  post  axial  side 
of  the  normal  5th  toe.  The  metatarsals  of  the  3rd,  4th  and  5th 
toes  are  normal,  that  of  the  additional  toe  being  only  equal  in 
length  to  that  of  the  2nd.  The  bases  of  the  4th  and  5th  meta- 
tarsals, while  not  completely  fused,  are  partially  so. 

In  a  third  individual,  the  right  foot  was  normal,  as  also  the 
calcar,  3rd,  4th  and  5th  toes  of  the  left  foot.  The  1st  toe  on 
the  left  foot  contained  only  the  one  metacarpal  and  no  phalanx, 
as  in  the  thumb.  The  2nd  toe  contains  only  the  one  metacarpal 
and  one  phalanx.  The  metacarpals  of  both  1st  and  2nd  toes  are 
swollen  distally. 

There  is  no  appreciable  difference  in  the  other  bones  of  the 
limb  in  any  of  the  above  cases. 
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EXPLANATION  OF  PLATES  XIX.  AND  XX. 

Fig.  1. — Whole  vertebral  column  of  specimen  W,  of  Hyla 
aurea,  showing  fused  7th  and  8th  vertebrae,  and  9  ancLurostyle. 

Fig.  2. — Whole  vertebral  column  of  specimen  X,  with  each 
pair  of  transverse  processes  attached  to  the  vertebra  in  front 
of  the  normal  one. 

Fig.  3. — Vertebrae  6,  7,  8,  9  and  urostyle  of  specimen  Y,  show- 
ing sacral  processes  on  vertebra  8. 

Figs.  4  and  5. — Vertebrae  8,  9,  and  urostyle  of  specimens  ZA 
and  ZB,  showing  well-developed  processes  on  the  urostyle. 

Fig.  6. — Right  foot,  showing  abnormal  3rd  and  4th  toes, 
dorsal  view. 

Figs.  7a,  7b. — Right  and  left  feet  respectively,  showing  abnor- 
mality in  toes  of  each.     Dorsal  view. 

Figs.  8a,  8b. — Whole  vertebral  column  of  individual  V,  show- 
ing fusion  of  vertebrae,  etc.     8a,  Dorsal  view.     8b,  Ventral  view. 

In  each  case  the  figures  are  life-size. 
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Akt.    XII. — On  Some  Neiv  Species  of  Victorian  Marine 

Mollu8ca. 

By     J.     H.     GATLIFF     and     C.     J.     GABRIEL. 

(With   Plate   XXI.). 

[Read  9th  July,  1908 J. 

The  present  paper  describes  four  new  species,  figures  of  which 
are  also  given. 


Marginella   victoriae.    sp. 
(PI.  XXL,  Fig.  5) 


nov. 


Shell  rather  small,  white,  semi-translucent,  solid,  shining. 
Ovately  biconical.  Whorls  about  four,  suture  barely  discernible. 
Outer  lip  much  thickened,  sinuated  at  its  junction  with  the  body- 
whorl,  finely  denticulated  on  its  inner  edge.  Columella  quad- 
riplicate. Aperture  long,  rather  narrow,  widening  towards  the 
base.  Dorsum,  faintly  plicately  noduled  at  the  shoulder  of  the 
body-whorl. 

Dimensions  of  Type. — Length,  3.6 ;  breadth,  2. mm. 

Locality. — Dredged  Western  Port.  In  shell  sand  Portsea, 
Port  Phillip. 

Obs. — In  Tasmania  this  shell  has  been  wrongly  identified  as  M. 
rufula,  Gask.,  a  banded  species  found  at  the  Cape  of  Good  Hope. 

Type  in  Mr.  Gatliff's  collection. 

Daphnella   bastowi,  sp.  nov. 
(PI.  XXL,  Fi-s.  1-4). 

Shell  small,  greyish  white,  wfyorls  five  and  a-half,  convex, 
somewhat  angled  below  the  suture,  which  is  impressed.  The 
apex  is  dome-shaped,  consisting  of  two  whorls,  the  first  being 
very  small ;  they  have  numerous  spiral  striae,  crossed  at  right 
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angles  by  others  of  about  double  strength,  but  the  spirals  are 
more  numerous,  the  other  whorls  are  ribbed  longitudinally,  the 
ribs  having  a  slight  spiral  trend ;  these  ribs  terminate  a  little 
below  the  suture,  the  intervening  space  carrying  rather  closely 
set  angularly  bent  threads.  Under  the  microscope  these  are 
thickened  at  the  base  and  sharp  at  the  edge,  resembling  a 
propeller-blade,  their  contour  following  the  outline  of  the  sinus. 
Between  the  ribs  the  area  is  concave  and  cancellated,  the  spirals 
are  somewhat  stronger  and  appear  on  the  ribs.  Outer  lip  thin, 
crenate,  sinus  rather  deep,  not  broad.  Inner  lip  somewhat 
concave ;  channel  short,  slightly  everted. 

Dimensions  of  Type. — Length,  4. ;  breadth  1.75  mm. 

Locality. — Dredged  between  Phillip  and  French  Islands,  and 
off  Stony  Point,  Western  Port. 

Obs. — Named  after  Mr.  R.  A.  Bastow,  to  whom  we  are  in- 
debted for  the  skilled  drawings  of  this  and  the  other  species 
figured  in  this  paper. 

Type  in  Mr.  GatlifFs  collection. 

Phasianella   nepeanensis,  sp.  nov. 
(PI.  XXI.,  Figs.  9,  10). 

Shell  small,  smooth,  globose,  fragile ;  spire  scarcely  exsert. 
AVhorls,  five,  rapidly  increasing,  aperture  semi-circular,  outer  lip 
sharp,  inner  lip  curved,  rimate.  Colour,  pink  with  white  mark- 
ings, which  vary  a  good  deal,  but  usually  include  a  band  of 
rounded  white  spots  on  the  shoulder  of  the  body-whorl,  and 
another  similar  one  just  below  the  periphery. 

Size  of  Type. — Height,  1.7  ;  width,  1.8mm. 

Locality. — Flinders,  Western  Port ;  Ocean  Beach,  near  Point 
Nepean. 

Obs. — The  shape  of  this  shell  is  so  different  to  our  other 
species  of  the  genus  that  it  was  with  some  hesitation  we  placed 
it  here;  but  a  comparison  with  a  similar  South  African  form, 
P.  neritina,  Dunker,  decided  us  to  do  so.  Colour  is  not  of  much 
use  in  determining  species  in, this  genus,  as  the  markings  vary 
so  greatly  in  the  same  species,  but  in  the  present  instance  they 
appear  to  be  fairly  constant. 

Type  in  Mr.  Gatliff's  collection. 
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Rissoina   rhyllensis,  sp.  nov. 
(PI.  XXL,  Fig.  8). 

Shell  simple,  attenuate,  light  brown  colour.  Whorls,  eight, 
flatly  convex,  sutures  lightly  impressed.  Apex  blunt,  consisting 
of  two  whorls  of  lighter  colour,  which  are  smooth  and  shining ; 
the  remainder  appear  smooth,  but  are  very  finely,  spirally, 
striate  when  seen  under  lens,  the  striae  being  crossed  by  faint 
longitudinal  costae. 

Aperture  oblique,  labrum  simple,  somewhat  incrassate : 
columella  with  a  rather  thick  callus. 

Dimensions  of  Type. — Length,  6.7  ;  breadth,  2.3  mm. 

Locality. — Dredged  between  Phillip  and  French  Islands,  Wes- 
tern Port,  about  5  fathoms  (type) ;  San  Re  mo ;  Ocean  Beach, 
Point  Nepean. 

Obs. — From  most  members  of  the  Genus,  this  species  must 
be  really  distinguished  by  its  smoothness.  The  colour  of 
specimens  is  somewhat  variable,  and  in  one  instance  the  shell  is 
brown  and  the  whorls  have  an  encircling  band  of  greyish  colour 
ascending  to  the  apex,  centrally  situated  and  strongest  on  body- 
whorl.  This  zone  of  colour  covering  about  one-quarter  the  width 
of  the  penultimate,  and  in  another  there  are  five  narrow  brown 
lines  on  the  body- whorl. 

Type  in  Mr.  C.  J.  Gabriel's  collection. 

EXPLANATION  OF  PLATE  XXL 

Fig.   1. — Daphnella  bastowi,  n.  sp.,  front  view. 

Fig.  2. — Daphnella  bastowi,  n.  sp.,  detail  of  sculpture. 

Fig.  3. — Daphnella  bastowi,  n.  sp.,  dorsal  view. 

Fig.  4. — Daphnella  bastowi,  n.  sp.,  front  view,  shell  tilted. 

Fig.  5. — Marginella  victoriae,  n.  sp. 

Fig.  6. — Akera  tasmanica,  Beddome,  apex,  end  on. 

Fig.  7. — Akera  tasmanica,  Beddome,  front  view. 

Fig.  8. — Rissoina  rhyllensis,  n.  sp. 

Figs.  9,  10. — Phasianella  nepeanensis,  n.  sp. 

All  of  the  figures  variously  magnified. 
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Art   XIII. — Additions  to  and  Revision  of  the  Catalogue 
of  Victorian  Marine  Mollusca. 

By     J.     H.     GATLTFF     and     C.     J.     GABRIEL. 
[Read  9th  July,  1908]. 

In  the  following  paper  85  species  are  dealt  with  ;  in  38  cases 
the  name  has  been  revised,  the  remaining  47  species  are  addi- 
tions to  our  recorded  fauna. 

We  have  to  give  our  grateful  recognition  to  the  skilled  assist- 
ance rendered  to  us  by  Mr.  E.  A.  Smith,  of  the  British  Museum ; 
Mr.  Chas.  Hedley,  Sydney;  Dr.  J.  C.  Verco  and  Mr.  W.  T. 
Bednall,  Adelaide;  and  Mr.  Robt.  Hall  and  Mr.  W.  L.  May, 
Tasmania. 

AVe  desire  to  state  that  we  do  not  aim  at  giving  every  possible 
reference,  or  every  synonym,  but  our  endeavour  has  been  to 
state  the  correct  name  that  in  each  instance  should  be  used  for 
our  shells.  We  only  cite  the  author  and  date  of  a  genus  in  cases 
where  it  has  not  been  given  previously. 

Dr.  W.  H.  Dall  in  1904  published  a  paper  entitled  "  An  His- 
torical and  Systematic  Review  of  the  Frog-shells  and  Tritons  " 
in  vol.  xlvii.  of  the  Smithsonian  Miscellaneous  Collections.  It 
deals  with  the  matter  in  a  masterly  and  comprehensive  manner. 
His  classification  has  been  adopted  by  the  British  Museum,  and 
also  by  the  Australian  Museum,  Sydney  ;  we  therefore  follow  the 
same  course,  and  in  the  present  paper  indicate  the  necessary 
changes  that  have  in  consequence  to  be  made  in  the  nomencla- 
ture of  our  shells. 

Coralliophila  rubrococcinba,  Melvill  and  Standen. 

1901.     Coralliophila  rubrococcinea,  Melvill  and  Standen. 
P.Z.S.  Lond.,  p.  401,  pi.  21,  f.  2. 
Hab. — Port  Fairy  and  San  Remo. 

Obs. — This  is  the  species  referred  to  in  vol.  x.  of  these  pro- 
ceedings, page  261,  as  being  closely  allied  to  C.fritschi,  Martens. 
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Coralliophila  blaborata,  H.  and  A.  Adams. 

1863.     Coralliophila  elaborata,  H.  and  A.  Adams.     P.Z.S. 
Lond.,  p.  433. 
Hab. — San  Remo  and  Lome. 

Obs. — This  is  the  species  referred  to  in  vol.  x.  of  these  pro- 
ceedings, page  262. 

Family  Sbptidab. 
Genus  Person  el  I  a,  Conrad,  1865. 

Pbbsonella  bburnbus,  Reeve. 

1898.     Lotorium  eburneum,  Pritchard  and  Gatliff.  P.R.S. 
Vic,  vol.  x.,  n.s.,  p.  265. 

PSRSONBLLA  VERRUCOSUS,   Reeve. 

1898.     Lotorium    verrucosum,     Pritchard     and    Gatliff. 
P.R.S.  Vic,  vol.  x.,  n.s.,  p.  266. 

Genus  Eugyrina,  Dall,  1904. 

Euotrina  subdistortum,  Lamarck. 

1898.     Lotorium    subdistortum,    Pritchard    and    Gatliflf. 
P.R.S.  Vic,  vol.  x.,  n.s.,  p.  263. 

Genus  Argobuccinum,  Morch,  1852. 

Argobuccinum  argus,  Gmelin. 

1898.     Lotorium  (Argobuccinum)   argus,   Pritchard   and 
Gatliff.    P.R.S.  Vic,  vol.  x.,  n.s.,  p.  267. 

Argobuccinum  bassi,  Angas. 

1898.     Lotorium    bassi,    Pritchard    and    Gatliff.      P.RS. 
Vic,  vol.  x.,  n.s.,  p.  263. 

Argobuccinum  Australasia,  Perry. 

1906.     Lotorium  (Argobuccinum)   australasia,   Pritchard 
and  Gatliff.     P.R.S.  Vic,  vol.  xviii.,  n.s.,  p.  42. 

26 
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Genus  Cymatium,  Bolten,  1798. 

Ctmatiuic  (Gutturnium)  parkinsonians,  Perry. 

1906.     Lotorium  parkinsonianum,  Pritchard  and  Gatliff. 
P.R.S.  Vic,  vol.  xviii.,  n.s.,  p.  42. 

Ctmatiuic  (Turritriton)  bxaratum,  Reeve. 

1898.     Lotorium  exaratum,  Pritchard  and  Gatliff.    P.R.S. 
Vic,  vol.  x.,  n.s.,  p.  265. 

Ctmatium  (Cabbstana),  spbnglbri,  Chemnitz. 

1898.     Lotorium  spengleri,  Pritchard  and  Gatliff.    P.R.S. 
Vic,  vol.  x.,  n.s.,  p.  263. 

Genus  Septa,  Perry,   1811. 

Sbpta  rubicunda,  Perry. 

1906.     Lotorium  rubicunda,  Pritchard  and  Gatliff.     P.R.S. 
Vic,  vol.  xviii.,  n.s.,  p.  41. 

Genus  Latirofusus,  Cossman,  1889. 

Latirofusus  spicbri,  T.  Woods. 

1876.     Fusus  spiceri,  T.  Woods.     P.R.S.  Tas.,  p.  137. 
1891.     Latirofusus  nigrofuscus,  Tate.     T.R.S.  S.A.,  vol. 

xiv.,  p.  258,  pi.  11,  f.  3. 
1901.     Latirofusus  spiceri,  Tate  and  May.    P.L.S.  N.S.W., 
vol.  xxvi.,  p.  356. 
Hab. — Dredged  between  Phillip  and  French  Islands,  Western 
Port. 

Obs. — Also  found  in  South  Australia  and  King  Island  (type  in 
Hobart  Museum).  It  is  a  dark  brown  shell  with  a  blackish  epi- 
dermis.    Size :  Length  20,  width  7  mm. 

A  shell  nearly  related  to  the  above  is  JMtirus  bairstowi, 
Sowerby,  from  Port  Elizabeth,  South  Africa,  of  which  we  have 
specimens  before  us. 
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Canthabus  subrubiginosa,  E.  A.  Smith. 

1879.     Tritonidea   subrubiginosa,    E.    A.   Smith.     P.Z.S. 

Lond.,  p.  206,  pi.  20,  f.  40. 
1896.     Tritonidea  fusiformis,  Verco.     T.R.S.  S.A.,  p.  219, 
pi.  6,  f.  1,  la,  lb. 
Hab. — Portland  (Maplestone) ;  Ocean  Beach,  Point  Nepean. 
Obs. — One  of  us  compared  our  shell  with  the  type  in  the 
British  Museum,  and  Mr.  Smith  stated  it  was  his  species.     Dr. 
Verco  has  informed  us  that  his  species  is  conspecific. 

Voluta  mamilla,  Gray. 

1898.  Voluta   mamilla,    Pritchard    and    Gatliff.     P.R.S. 

Vic,  vol.  xv.,  n.s.,  p.  283. 
1901.     Voluta  mamilla,  Dautzenberg.     Jour,  d  Conch.,  p. 
10,  pi.  2,  f.  1. 
Obs. — The  above  is  a  very  fine  figure,  and  it  appears  to  be  the 
first  time  that  the  adult  form  has  been  depicted. 

MlTRA    8TRANGBI,    Anga8. 

1867.     Mitra  strangei,  Ang.     P.Z.S.   Lond.,  p.   110  and 
p.  194. 

1899.  Mitra  franciscana,  Pritchard  and  Gatliff.     P.R.S. 

Vic,  vol.  xi.,  n.s.,  p.  188. 
1901.     Mitra  franciscana,  Tate  and  May.     P.L.S.  N.S.W., 
p.  361,  pi.  24,  f.  30. 
Hab. — Dredged  living,  Western  Port,  about  5  faths. 
Obs. — Mr.  W.  F.  Petterd  states  that  he  handed  the  shell  to 
Rev.  Tenison  Woods,  informing  him  that  it  was  M.  strangely 
Ang.,  and  he  must  have  forgotten  this  fact   when  he  re-named  it, 
and  our    species  has   been   compared   by   one   of   us  with   M. 
strangei  in  the  British  Museum,  and  they  are  the  same. 

Mitra  cinbraoea,  Reeve. 

1907.     Mitra  cineracea,  Gatliff.     P.R.S.  Vic,  vol.  xx.,  n.s., 
p.  31. 
Obs. — This  was  included  as  a  Victorian  species,  as  the  "  Chal- 
lenger "  Report  stated  that  it  was  dredged  off  East  Moncoeur 
Island,  Bass  Straits.     One  of  us  inspected  the  only  specimen 
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obtained  by  the  "  Challenger,"  which  is  now  in  the  British 
Museum,  and  it  was  labelled  habitat  Philippines.  Upon  writing 
to  Mr.  E.  A.  Smith  upon  the  matter,  he  replied,  "  I  think 
Watson  made  a  mistake  in  quoting  this  from  East  Monooeur 
Island,  Station  162.  It  should  have  been  Station  212.  See  p. 
717,  of  the  '  Challenger'  Report,  where  it  is  quoted  under 
Philippines,  but  on  p.  704,  under  E.  Moncoeur  Island,  it  is 
not  mentioned." 


Genus  Turris,  Montfort,   1810.       Replacing    Turricula,  Klein, 
1753  (pre  Linnean). 

Turris  cinnamomea,  A.  Adams. 

1854.     Volutomitra   cinnamomea,   A.  Ad.     P.Z.S.   Lonb. 

p.  134. 
1901.     Mitra  cinnamomea,  Tate  and  May.    P.L.S.  N.S.W., 
p.  361. 
Hab.— Dredged  living  between  Phillip   and  French  Islands,. 
Western  Port,  about  5  fath. ;  San  Remo. 

Obs. — One  of  us  has  examined  this  species  at  the  British. 
Museum,  and  ours  is  the  same.     It  is  of  rare  occurrence  here. 

Maroinblla  simsoni,  Tate  and  May. 

1884.     Marginella    minima,    Petterd.     Jour,    of    Conchy 
p.  144,  non  Sowerby,  1846. 

1900.  Marginella  simsoni,  Tate  and  May.     T.R.S.  S.A., 

vol.  xxiv.,  p.  92. 

1901.  Marginella     simsoni,     Tate     and     May.      P.L.S. 

N.S.W.,  vol.  xxvi.,  p.  364,  pi.  27,  f.  95. 

Hab. — Dredged  living  in  about  seven  fathoms,  between  Phil- 
lip and  French  Islands,  Western  Port;  Portsea,  Port  Phillip. 

Obs. — This  is  a  minute  species,  the  type  being  described  as 
being,  "  Long.  \\  mil.,  lat.  J  mil."  We  have  obtained  them 
varying  in  dimensions  from  this  size  up  to  length  2.9  mm., 
breadth  2  mm.  In  general  appearance  it  approaches  nearly  to 
M.  shoreliami,  Pritchard  and  Gatliff ;  but  the  latter  has  a  more 
produced  spire  and  wider  aperture.  In  the  reference  last  named 
Messrs.  Tate  and  May  also  cite  their  figure  78,  pi.  26,  but  thi& 
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represents  a  different  species.  In  their  former  paper  they  place 
it  as  spec,  nov.,  whereas  it  should  have  been  stated  to  be  nom. 
mut. 

Maroinblla  multiplioata,  Tate  and  May. 

1900.  Marginella  multiplicata,   Tate  and  May.     T.R.S. 

S.A.,  vol.  xxiv.,  p.  91. 

1901.  Marginella  multiplicata,  Tate  and  May.     P.L.S. 

N.S.W.,  vol.  xxvi.,  p.  364,  pi.  27,  f.  88. 
Hab. — Shoreham,  Western  Port. 

Obs. — A  minute  white  shell.  Length  1.6,  width  .95  mm.  In 
general  appearance  resembling  M.  cymbalum,  Tate. 

Marginella  victorias,  Gatliff  and  Gabriel. 

1908.     Marginella  victoriae,  Gatliff  and  Gabriel.     P.R.S. 
Vic,  vol.  xxi.,  n.s.,  p.  365,  pi.  21,  f.  5. 
Hab. — Dredged,  Western  Port.     In  shell  sand,  Portsea,  Port 
Phillip. 

COLUMBBLLA  LEGRANDI,  T.  Woods. 

1876.     Columbella  legrandi,  T.  Woods.     P.R.S.  Tas.,  p. 

152. 
1883.     Columbella  legrandi,  Tryon.     Man.  Conch.,  vol.  v., 

p.  137,  pi.  51,  f.  49. 
1899.     Columbella     brunnea,     Pritchard     and     Gatliff. 

P.R.S.  Vic,  vol.  xi.,  n.s.,  p.  203. 

1901.  Columbella     legrandi,     Tate  and     May.      P.L.S. 

N.S.W.,  vol.  xxvi.,  p.  367. 

1902.  Columbella  legrandi,  May.     P.R.S.  Tas.,  p.   110, 

Fig.  5  in  text. 

Hab. — San  Remo ;  Ocean  Beach,  West  Head,  Flinders. 

Obs. — An  examination  of  the  type  proves  that  it  and  C. 
brunnea.  Brazier,  are  the  same  species ;  the  outer  lip  of  the 
type  is  imperfect.  In  complete  examples  this  is  varicosely 
thickened. 

Columbblla  (Ptrbnb)  lurida,  Hedley. 

1907.— Pyrene  lurida,  Hedley.     P.L.S.  N.S.W.,  vol.  xxxii., 
p.  510,  pi.  17,  f.  19. 
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Hab. — San  Remo  ;  Portsea ;  Torquay. 

Obs. — A  small,  semi-translucent,  brownish  shell.  Size  of  type, 
length  3.4,  width  1.5  mm.    Our  specimens  are  rather  narrower. 

We  are  indebted  to  Mr.  Hedley  for  the  identification  of  this 
species. 

Cascellaria  purpuriformis,  Valenciennes. 

1841.     Cancel  1  aria      purpuriformis,      Valenciennes.      In 
Kiener's  Coq.  Viv.,  No.  27,  pi.  7,  f.  4. 

1855.  Cancellaria  purpuriformis,  Sowerby.  Thes.  Conch., 

vol.  ii.,  p.  448,  pi.  95,  f.  68  and  70. 

1856.  Cancellaria  purpuriformis,  Reeve.     Conch.  Icon., 

vol.  x.,  pi.  16,  f.  76. 
1887.     Cancellaria     purpuriformis,     Lobbecke.       Conch. 

Cab.,  p.  88,  No.  93,  pi,  22.  f.  9,  10. 
1899.     Cancellaria  maccoyi,  Pritchard  and  Gatliff.  P.R.S. 

Vic,  vol.  xi.,  n.s.,  p.  182,  pi.  20,  f.  6. 
1901.     Cancellaria  purpuriformis,  Tate  and  May.     P.L.S. 
N.S.W.,  vol.  xxvi.,  p.  373. 
Hab. — Western  Port.     Dredged  living  in  about  five  fathoms, 
between  Phillip  and  French  Islands. 

Obs. — An  examination  by  one  of  us  of  the  shell  in  the  British 
Museum,  named  C.  purpuriformis*  Val.,  leads  to  the  above  con- 
clusion, but  their  specimen  is  of  a  uniform  pale  yellow,  and  does 
not  show  the  colour  bands.  Tate  and  May  place  C.  tasmaniea, 
T.  Woods,  as  a  synonym,  and  just  above,  on  the  same  page, 
referring  to  C.  laevigata,  state,  "  C.  laevigata,  Sowerby,  and  C. 
purpuriformis,  Reeve,  in  the  Brit.  Mus.,  are  identical  (R. 
Tate)." 

Tbrbbra  albida,  Gray. 

1899.     Terebra    albida,    Pritchard    and    Gatliff.     P.R.S. 
Vic,  vol.  xi.,  n.s..  p.  207. 
Hab. — Portsea,  Port  Phillip;  Shoreham,  Western  Port. 
Obs. — At  the  two  localities  named  we  have  obtained  speci- 
mens of  this  species,  which  exhibit  small  dark-brown  spots  on 
the  shoulder  of  the  whorl,  numbering  twelve  to  fourteen  on  the 
penultimate  whorl.     Previously  we  only  knew  of  them  being 
obtained  of  a  uniform  white. 
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Drillia  Anqasi,  Crosse. 

1863.     Drillia  angasi,  Crosse.     Jour,   de  Conch.,  p.   87, 
pi.  1,  f.  5. 
Hab. — San  Remo  (Mrs.  A.  F.  Kenyon). 

Daphnella  legrandi,  Beddome. 

1900.     Clathurella  legrandi,  Pritchard  and  Gatliff.   P.R.S. 

Vic,  vol.  xii.,  p.  178. 
1900.     Clathurella  legrandi,  Hedley.     P.L.S.  N.S.W.,  p. 

509,  pi.  25,  f.  1-3. 

1907.  Daphnella    sculpt  i or,    Hedley    (non    Clathurella 

sculptilior,  T.  Woods).  Rec.  Aust.  Mus.,  vol. 
vi.,  p.  298. 

Hab. — Portland  ;  San  Remo. 

Obs. — The  Rev.  H.  D.  Atkinson  kindly  sent  Mr.  Gatliff  two 
specimens  of  C.  sculptilior,  which  were  dredged  by  him  at  the 
same  time  as  the  shell  that  he  gave  to  the  Rev.  T.  Woods,  which 
became  the  type.  It  is  entirely  distinct  from  D.  legrandi.  Mr. 
Gatliff  ajso  has  a  specimen  of  the  latter  species  given  to  him  by 
its  author,  and  Mr.  Hedley's  figure  above  quoted  is  a  good  one. 

Mr.  Hedley  gives  Daphnella  bitorquata,  Sower  by,  as  a 
synonym,  but  we  have  not  seen  specimens  bearing  that  name. 

The  type  of  C.  sculptilior  is  not  in  the  Hobart  Museum,  and 
Mr.  W.  L.  May  omits  it  from  his  list  of  T.  Woods'  types  of  the 
shells  contained  in  that  institution. .  After  the  original  descrip- 
tion the  author  remarks  that  his  species  comes  close  to  Clath- 
urella sculpt  His,  Angas,  which  is  the  next  one  following. 

Daphnella  sculptilis,  Angas. 

1871.     Clathurella  sculptilis,  Angas.  P.Z.S.  Lond.,  p.  17, 
pi.  1,  f.  19. 
Hab. — Dredged  between  Phillip  and  French  Islands,  Western 
Port. 

Daphnella  bastowi,  Gatliff  and  Gabriel. 

1908.  Daphnella   bastowi,   Gatliff  and   Gabriel.     P.R.S. 

Vic.  vol.  xxi.,  n.s.,  p.  365.  pi.  21,  f.  5. 
Hab. — Dredged,  Western  Port. 
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Clathurella  albocincta,  Angas. 

1871.     Clathurella  albocincta,  Angas.     P.Z.S.  Lond.,  p. 
18,  pi.  1,  f.  22. 
Hab.— Port  Albert. 

Obs.—  The  size  of  the  type  is:  Length  5.,  breadth  2.  mm. 
It  is  a  robust,  coarsely  sculptured  species. 

Genus  Amauropsis,  Mbrch,    1857. 

Amaubopsis  globulus,  Angas. 

1880.     Amauropsis    globulus,    Angas.     P.Z.S.    Lond.,    p. 
416,  pi.  40,  f.  5. 
Hab. — One   dead   specimen   dredged   in   about  five   fathoms, 
between  Phillip  and  French  Islands,  Western  Port,  San  Remo 
(Mrs.  A.  F.  Kenyon). 

Obs. — A  thin,  brown,  turbinate  shell. 

Genus  Vermicularia,  Lamarck,   1799. 

Vermicularia  flava,  Verco. 

1907.     Vermicularia  flava  Verco.     T.RS.  S.A.,  vol.  xxxi., 
p.  214,  f.  1  in  text. 
Hab. — Dredged,  Western  Port. 

Obs. — Dr.  Verco  has  kindly  sent  us  specimens,  and  from  them 
we  have  been  enabled  to  identify  portions  of  the  shell,  which  we 
have  dredged,  comprising  the  free  tube. 

Adeorbis  angasi,  A.  Adams. 

1863.     Adeorbis  angasi,  A.  Adams.     P.Z.S.  Lond.,  p.  424, 
pi.  37,  f.  11,  12. 
Hab. — Portsea,  Port  Phillip. 
Obs. — A  small  white  shell.     Diameter  of  type,  6  mm. 

Adeorbis  kimbbri,  Verco. 

1907.     Adeorbis   kimberi,   Verco.     T.R.S.    S.A.,    p.    308, 
pi.  29,  f.  1,  2. 
Hab. — Shoreham,  Western  Port. 
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Oba. — A  small  translucent  shell.  Greatest  diameter  of  typt\ 
3.7  mm.  May  be  distinguished  from  our  other  two  Hptvio*  by 
its  smoothness. 


Genus  Sirius,  Hedley,   1900. 

SlBIUS  BAD1U8,  T.  Wood8. 

1876.     Raulinia  badius,  T.  Woods.     P.L.S.  N.S.W.,  vol. 
ii.,  p.  264. 

1900.  Sirius  badius,  Hedley.     Id.,  vol.  xxv.,  p.  88,  pi.  3, 

f.  8. 
Hab. — San  Remo  (Mrs.  Kenyon). 
Obs. — The  size  of  the  specimen  figured  is :  Length,  5  mm. 

Eulimblla  turrita,  Petterd. 

188£     Aclis  turrita,  Petterd.     Jour,  of  Conch.,  vol.  iv,, 
p.  HO. 

1901.  Eulimella  turrita,  Tate  and  May.     P.L.8.  N.8.W., 

vol.  xxvi.,  p.  384,  pi.  25,  f.  38 
Hab.—  Dredged  off  Portsea,  Port  Phillip. 
Obs. — A  small  white  translucent  shell,     length  of  typ«  3, 
width  1  mm.    Our  single  specimen  is  smaller, 

Odostomia  simplex,  Angas. 

1871.     Odoctomia  simplex,  An?**.     Y'A.K  Ismd.,  p,   10, 
pL  1,  f.  10, 
Hab. — Dredged    living.  between  Phillip  and  Yrw:U  \*\**A*, 
Western  Port. 

CnoTHiopiaj'  tl*&>*:lvh}*&.  T,  \S'<*A*. 

1*79.     Bittju^jj   vurUftJJojd**.  T.   V\V>4*      t'.HM.  T*« , 
p.  3*. 

Ob«- — TVi*  ^].^*:'i*»  v«*  ;*»«i»^rf%»«.ilv  «;i>»d  hv  Pn^-i^r4  *»U<I 
Gsxliff  **  beriijf  *  kvjuvlvu'  «/  /".  <ji«y/t+<  *P  V#'t}]#9  'I*  *»«"ylp 
tore  fltf  wiiitii  it  «'rvu/'iv  r^uen.  vie*  t^L*  *iwn,u#*it  *tttv»<l»t*j< 
the  diajSbtMu*  iutfl.  u*  i»  jc«uw»JJv  <A**-  «  w*-  if.np**,!*>i'»  *ij»i«>* 
These  difiw  ix  tin:  *  *v  *$**•**. 
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Genus  Pyrazus,  Montfort,  1810. 

Pyrazus  hbrculbus,  Martyn. 

1784.     Clava  herculea,  Martyn.    Universal  Conch.,  p.  13. 
1900.     Potamides  ebeninus,  Pritchard  and  Gatliff.    P.R.S. 

Vic,  vol.  xiii.,  n.s.,  p.  156. 
1906.     Pyrazus  herculeus,  Hedley.     P.L.S.  N.S.W.,   vol. 
xxx.,  p.  529. 
Obs. — Martyn's  work  is  in  the  Commonwealth  Parliamentary 
Library.     Mr.  Hedley,  in  his  paper  above  quoted,  enters  fully 
into  both  the  generic  and  specific  names  of  the  species,  and 
figures  the  radula.     He  also  gives  other  synonyms,  but  as  they 
have  not  been  in  use  here  we  refrain  from  quoting  them. 

Triphora  ampulla,  Hedley. 

1903.     Triphora  ampulla,  Hedley.     P.L.S.  N.S.W.,p.615, 
pi.  33,  f.  38,  39. 
Hab.— Portsea,  Port  Phillip. 

Obs. — A   small    maculated   shell,    white    and    brown.     Size : 
Length  5,  width  1.6  mm. 

Diala  monile,  A.  Adains. 

1902.     Diala  monile,  Pritchard  and  Gatliff.     P.R.S.  Vic, 

vol.  xiv.,  n.s.,  p.  87. 
1906.     Diala  monile,  Hedley,     P.L.S.  N.S.W.,  for  1905, 
p.  523,  pi.  33,  f.  36. 
Hab. — A  littoral  shell,  coast  generally,  in  suitable  localities. 
Obs. — Mr.  Hedley  has  given  the  first  figure  of  this  species,  as 
quoted  above. 

Genus  Laevilitorina,  Pfeifler,  1886. 

Laevilitorina  mariae,  T.  Woods. 

1900.     Rissoa  mariae,  Pritchard  and  Gatliff.    P.R.S.  Vic, 

vol.  xiv.,  n.s.,  p.  108. 
1906.     Laevilitorina    mariae,    Hedley.      P.L.S.    N.S.W., 

for  1905,  p.  527. 
Hab. — Coast  generally. 
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Obs. — We  always  considered  that  this  shell  had  been  wrongly 
classed,  and  Mr.  Hedley  gives  good  reasons  for  his  re-classifica- 
tion. 

R1S8OA  (Onoba)  olombrosa,  Hedley. 

1907.  Onoba  glomerosa,   Hedley.     P.L.S.   N.S.W.,   vol. 

xxxii.,  p.  495,  pi.  17,  f.  23 

Hab.— Port  Albert  (T.  Worcester). 

Obs. — A  small,  solid,  columnar  shell,  three  last  whorls  spirally 
striated,  circular  mouth  ;  our  single  specimen  is  much  larger 
than  the  type,  being  Length  4,  width  1.5  mm. 

Rlssoa  frbnchibnsls,  nom.  unit. 

1877.     Rissoa  cyclostoma,  T.  Woods  (non  Recluz,  1843). 

P.R.S.  Tas.,  p.  153. 
1902.     Rissoa  cyclostoma,  Pritchard  and  Gatliff.     P.R.S. 
Vic,  vol.  xiv.,  n.s.,  p.  104. 
Hab. — Dredged  off  French  Island,  Western  Port,  in  about  six 
fathoms ;  Port  Phillip  ;  Puebla  Coast. 

Obs. — We  regret  that  we  cannot  follow  the  usual  course  and 
name  this  after  its  author,  as  the  names  R.  woodsi  and  R. 
tenisoni  are  already  in  use. 

Rissoixa  rhtllensls,  Gatliff  and  Gabriel. 

1908.  Rissoina  rhyllensis,   Gatliff  and  Gabriel.     P.R.S. 

Vic,  vol.  xxi.,  n.s.,  p.  367,  pi.  21,  f.  8. 
Hab.-    Dredged  between  Phillip  and  French  Islands,  Western 
Port ;  San  Remo ;  Ocean  Beach,  Point  Nepean. 

Phasianblla  nbpbanbnsis,  Gatliff  and  Gabriel. 

1908.     Phasianella  nepeanensis,  Gatliff  and  Gabriel.     P.R.S. 
Vic,  vol.  xxi.,  n.s.  p.  366,  pi.  21,  f.  9,  10. 
Hab. — Flinders,  Western  Port  ;  Ocean  Beach,  Point  Nepean. 

Calliostoma  australls,  Broderip. 

1835.     Trochus  australis,  Broderip.     Zool.  Jour.,  vol.  v., 

p.  331,  pi.  49,  f.  3. 
1902.     Calliostoma  nobile,  Pritchard  and  Gatliff.     P.R.S. 

Vic,  vol.  xiv.,  n.s.,  p.  135. 
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Hab. — Shoreham  and  West  Head,  Western  Port. 

Obs. — We  know  of  only  two  worn  examples  having  been 
obtained  on  our  shores,  but  have  a  very  broad,  equilateral  speci- 
men, got  living  at  King  Island,  Bass  Straits.  Our  specimens  are 
not  so  broad  as  this,  but  are  much  broader  than  that  figured  as 
the  type  from  Garden  Island,  Western  Australia. 

Haliotis  ctolobatku,  Peron. 

1816.     Haliotis    cyclobates,    Peron.     Voy.    Terre   Aust., 

vol.  ii.,  p.  80. 
1903.     Haliotis  excavata,  Pritchard  and  Gatliff.     P.R.S. 

Vic,  vol.  xv.,  n.s.,  p.  180. 
1906.     Haliotis  cyclobates,  Hedley.     P.L.S.  N.S.W.,  vol. 
xxx.,  p.  520. 
Hab.— Portsea,  Port  Phillip. 
Obs.-  -See  note  on  the  following  species. 

Haliotis  conicopora,  Peron. 

1816.     Haliotis    conicopora,     Peron.    Voy.    Terre    Aust., 

vol.  ii.,  p.  80. 
1902.     Haliotis   granti,    Pritchard   and   Gatliff.      P.R.S. 
Vic,    vol.    xiv.,    n.s.,    p.    183,    pi.    10,    three 
figures. 
1906.     Haliotis  conicopora,  Hedley.     P.L.S.  N.S.W.,  vol 
xxx.,  p.  520. 
Hab. — Shoreham,  Western  Port. 

Obs. — In  the  last  paper,  quoted  above,  Mr.  Hedley  calls 
attention  to  the  two  species  of  Haliotis  recorded  and  named  by 
Peron,  and  obtained  by  the  latter  at  Kangaroo  Island,  South 
Australia.  His  descriptions  are  very  brief,  but  the  distinctive 
specific  differences  are  given  in  such  a  way  that  there  is  no 
doubt  about  the  shells  he  refers  to.  -As  mentioned  in  the 
catalogue.  If.  granti  has  been  obtained  at  Cape  Northumber- 
land, South  Australia.  Mr.  Hedley  states  that  the  description 
of  H.  conicopora  answers  to  that  of  //.  tub  if  era,  Lamarck.  If 
this  is  the  case,  the  latter  being  subsequent,  becomes  a  synonym. 
Lamarck  gives  the  habitat  of  his  species  as  the  seas  of  New 
Holland,  but  Deshayes  and  Edwards,  in  the  third  edition  of 
Anim.  S.  Vert,  place  H.  tubifera  as  a  synonym  of  H.  gigantea, 
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Chera.     This  is  a  Japanese  shell,  and  we  have  never  heard  of  it 
haying  been  obtained  in  the  seas  of  Southern  Australia. 

Specimens  in  the  British  Museum,  examined  by  one  of  us,  of 
B.  cunninghamii,  Gray,1  lead  to  the  conclusion  that  it  is 
conspecific. 

Lucapinella  oblonga,  Menke. 

1843.     Fissurella  oblonga,  Menke.     Moll.  Nov.  Holl.,  p. 
33,  No.  181. 

1903.  Lucapinella    pritchardi,    Pritchard    and    Gatliff. 

P.R.S.  Vic,  vol.  xv.,  n.s.,  p.  184. 

Hab.— Port  Phillip  ;  Western  Port. 

Obs. — Having  received  specimens  from  West  Australia,  and 
discussed  the  matter  with  Mr.  Hedley,  we  now  adopt  his  view 
that  L.  pritchardi,  Hedley,  is  conspecific. 

Puncturblla  DHMissA,  Hedley. 

1904.  Puncturella    demissa,    Hedley.     Rec.    Australian 

Mus.,  vol.  v.,  p.  93,  f.  19. 
1907.     Puncturella  demissa,  Hedley.     Id.,  vol.  vi.,  p.  289, 
pi.  54,  f.  3-5. 
Hab. — Dredged  between  Phillip  and  French  Islands,  Western 
Port. 

Obs. — A  small  shell.  Size:  Height  1.5,  length  2.5,  breadth 
0.9  mm.     It  has  a  black  epidermis,  the  shell  being  white. 

Genus  Cocculina,  Dal  I,  1882. 

COCCULINA   TA8MANICA,   Pilsbry. 

1895.     Nacella   parva,   Angas,   var.    tasmanica,   Pilsbry. 
"  Nautilus,"  p.  128. 

1900.  Nacella  tasmanica,  Tate  and  May.     T.R.S.  S.A., 

vol.  xxiv.,  p.  102. 

1901.  Nacella  tasmanica,  Tate  and  May.     P.L.S.  N.S.W., 

vol.  xxvi.,  p.  411,  pi.  27,  f.  89,  90. 

1903.     Cocculina     meridionalis,     Hedley.      Mem.     Aust. 

Mus..  vol.  iv.,  p.  331,  f.  64,  in  text. 


1  King's  Surrey  of  Australia,  vol.  ii.,  p.  494. 
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Hab. — Shoreham,  Western  Port. 
Obs. — A  small  white  species. 

Acmaba  costata,  Sowerby. 

1903.  Acmaea   coRtata,    Pritchard   and   Gatliff.      P.R.S. 

Vic,  vol.  xv.,  n.s.,  p.  194. 

1904.  Acmaea  alticostata,  Hedley.     P.L.S.  N.S.W.,  vol. 

xxix.,  p.  189. 
1907.     Acmaea  alticostata,  Verco.     T.RS.  S.A.,  vol.  xxx., 
p.  209. 
Hab. — Coast  generally. 

Obs. — We  cannot  agree  with  Mr.  Hedley  and  Dr.  Verco  in 
regarding  A.  alticostata  as  a  distinct  species,  because  Mr.  G.  B. 
Sowerby  informed  one  of  us  that  he  considered  that  it  was  con- 
specific  with  A.  costata,  Sowerby,  and  Mr.  E.  A.  Smith,  of  the 
British  Museum  (where  the  type  of  A.  alticostata  is),  said  the 
same  thing. 

Acmaea  latistrigata,  Angas. 

1903.     Acmaea  gealei,  Pritchard  and  Gatliff  (non  Angas). 

P.R.S.  Vic,  vol.  xv.,  n.s.,  p.  197. 
1907.     Acmaea    marmorata,    Verco.     T.RiS.    S.A.,    vol. 
xxx.,  p.  210. 
Hab. — Coast  generally. 

Obs.—  The  former  identification  was  made  from  a  specimen 
named  incorrectly  A.  gealei,  received  from  South  Australia.  An 
examination  of  the  type  of  the  latter  in  the  British  Museum 
proved  it  to  be  a  distinct  form.  It  is  much  worn,  and  most 
probably  is  conspecific  with  A.  flammea,  Quoy  and  Gaimard. 

Genus  Helcioniscus,  Dall,  1871. 

Hhlcioniscus  diemenensis,  Philippi. 

1848.     Patella  diemenensis,  Philippi.     Zeit.,  f.  Malak,  p. 

162. 
1903.     Patella  tramoserica,  Pritchard  and  Gatliff   (non 
Martyn).     P.R.S.  Vic,  vol.  xv.,  n.e.,  p.  191. 
Hab. — Coast  generally. 
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Obs. —  Our  species  has  been  generally  known  as  P.  tramoserica, 
Martyn,  but  he  quotes  north-west  and  north-east  coast  of 
America  as  the  habitat  of  his  species,  and  his  figure  does  not 
represent  the  shell,  which  is  abundant  on  our  shores,  although 
it  shows  great  variation,  and  we  have  a  tine  series  before  us. 
Not  one  of  them  could  be  identified  by  Martyn's  excellent  figure ; 
he  gives  no  description.  We  therefore  adopt  the  above  name, 
which  has  hitherto  been  cited  as  a  synonym.  A  copy  of 
Martyn's  work  is  in  the  Commonwealth  Parliamentary  Library. 

Hblooniscus  umbata,  Philippi. 

1903.  Patella    limbata,    Pritchard    and   Gatliff.     P.R.S. 

Vic,  vol.  xv.,  n.s.,  p.  192. 
Hab. — Wilson's  Promontory  ;  Cape  Otway. 

Nacblla  cbbbbbstriata,  Verco. 

1904.  Nacella   crebrestriata,    Verco.      T.R.S.   S.A.,    vol. 

xxviii.,  p.  144,  pi.  26,  f.  20.,  21. 

Hab. — Porteea,  Port  Phillip.     In  shell  sand. 

Obs. — A  small  translucent  species.  Ours  are  usually  suffused 
with  a  pink  tint.  Size  of  type:  Length  3.8,  breadth  2.1,  height 
1.8  mm. 

Lepidoplburus  cancbllatu.s,  Sowerby. 

1839.  Chiton  cancellatus,  Sowerby.     Conch.  111.,  f.  104-5. 
1847.     Chiron  cancellatus,  Reeve.     Conch.  Icon.,  vol.  iv., 

pi.  23,  f.  152. 
1892.     Lepidopleurus  cancellatus,  Pilsbry.     Man.  Conch., 
vol.  xiv.,  p.  3,  pi.  3,  f.  54-58. 
Hab. — Dredged,  Western  Port. 

Obs. — Tins  species  has  a  very  wide  distribution.  Pilsbry 
citing,  Britain,  Greenland,  Spain,  Alaska  and  Korea.  Mr.  R.  A. 
Bastow  has  critically  compared  our  shell  with  L.  tantellatut, 
received  by  him  from  Mr.  Sowerby,  which  were  obtained  at 
Guernsey,  and  considers  them  conspecific.  Our  specimens  are 
rather  smaller. 

lacKSOCBTtos  scui*ptuj»,  Sowerby. 

1840.  Chiton   sculptus,    Sowerby.     An.  and   Mag.    Nat. 

Hist.,  vol.  iv.,  p.  292. 
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1841.     Chiton  sculptus,  Sowerby.     Conch.   111.,  No.   44, 

f.  66. 
1847.     Chiton   sculptus,  Reeve.     Conch.   Icon.,   vol   iv., 

No.  177,  pi.  26,  f.  121. 
1892.     Ischnochiton  sculptus,  Pilsbry.     Man.  Conch.,  vol. 
xiv.,  p.  92,  pi.  23,  f.  89-90. 
Hab. — Ocean  beach,  Phillip  Island;  dredged  in  about  eight 
fathoms  in  Western  Port,  between  Phillip  and  French  Islands, 
on  dead  oyster  valves. 

Obs. — When  described  the  habitat  was  unknown,  and  we  have 
not  met  with  any  record  of  it.  Our  examples  range  from  5  to 
15  mm.  in  length.  The  sculpture  somewhat  resembles  that  of 
Callutochiton  antiquus,  Reeve. 

Ischnochiton  arbutum,  Reeve. 

1847.     Chiton  arbutum,   Reeve.     Conch.  Icon.,  vol.   iv., 
pi.  24,  f.  162. 

1892.  Ischnochiton    arbutum,    Pilsbry.     Man.    Conch., 

vol.  xiv.,  p.  13*9,  pi.  24,  f.  16,  17. 
Hab. — San  Remo  (R.  A.  Bastow). 
Obs. — A  small  variegated  species.     Length  9,  breadth  5.7  mm. 

Acanthochites  (Lodoplax)  variabilis,  Adams  and  Angas. 

1864.     Hanleya    variabilis,    Adams    and    Angas.     P.Z.S. 
Lond.,  p.  194. 

1893.  Hanleya   variabilis,    Pilsbry.     Man.    Conch.,    vol. 

xv.,  p.  101. 

1894.  Acanthochites     (Notoplax?)     variabilis,     Pilsbry. 

Proc.  Acad.  Nat.  Sci.  Philad.,  p.  84. 
1897.     Acanthochites  (Loboplax)  variabilis,  Bednall.     P. 
Malac.  Soc.  Lond.,  vol.  ii.,  p.  156. 
Hab. — Shoreham,  Western  Port. 

Obs. — A  small  pustulated  species,  girdle  covered  with  small 
white  spicules,  in  tufts  at  the  valve  sutures. 

Rbtusa  amphizostus,  Watson. 

1886.     Utriculus  amphizostus,  Watson.     Chall.,  vol.  xv., 
p.  652,  pi.  48,  f.  11. 
Hab.— Portsea,  Port  Phillip. 
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Obs. — Watson  describes  his  species  as  being  dredged  in  about 
seven  fathoms,  off  Cape  York,  North  Australia.  Our  shell  is 
rather  larger  and  more  elongate,  but  we  do  not  consider  the 
slight  difference  has  specific  value. 

Bullinblla  tbnuis,  Hedley. 

1905.     Cylichna  tenuis,  Hedley.     Rec.  Aust.  Mus.,  vol. 
vi.,  p.  54,  f.  22. 
Hab. — In  shell  sand,  Ocean  Beach,  Point  Nepean. 
Obs. — This  species  was  kindly  identified  for  us  by  its  author. 
The  size  of  type  is :  Length  2.45,  breadth  1.05  mm. 

Genus  Akera,  Mullet-,  1776. 

Akkra  tasmanica,  Beddome. 

(See  this  volume,  PL  XXL,  Figs.  6,  7). 

1883.     Akera  tasmanica,  Beddome.     P.R.S.  Tas.,  p.  169. 
1901.     Hydatina  tasmanica,  Hedley.     P.L.S.  N.S.W.,  vol. 

xxv.,  p.  725,  f.  22. 
1901.     Akera  tasmanica,  Tate  and  May.     Id.,  vol.  xxvi., 
pp.  417,  460. 
Hab. — Shoreham,  Western  Port;   Portsea,  Port  Phillip. 
Obs. — A  full  description  is  given  in  the  last  reference  quoted 
above,  as  follows  :  — "  Shell  globosely-oblong,  imperforate,  thin, 
hyaline.     Colour,  brown,  darker-tinted  posteriorly,  with  a  nar- 
row white  band  near  the  shoulder,   and  a  wider  one  in  the 
anterior-third.     Last  whorl  inflated,  equalling  the  total  length  of 
the  shell,  rounded  at  the  shoulder;  spire  truncated,  flush  with 
the  posterior  margin  of  the  last  whorl,  separated  by  a  channelled 
suture,    terminated   by   a   hyaline   bulbous   nucleus.     Aperture 
contracted   above,    enlarging   anteriorly   to    the  arched   front; 
outer   lip    truncatedly    angled    posteriorly  ;     columella    arched, 
simple.     Length  1.9,  width  1.2  mm." 

Some  of.  our  examples  are  of  a  uniform  brown,  upon  others  a 
median  band  is  discernible  of  a  lighter  colour,  otherwise  they 
exactly  tally  with  the  description.  Mr.  May,  from  specimens 
sent  to  him,  confirms  our  identification.  Mr.  Hedley's  figure, 
quoted  above,  does  not  depict  our  shell,  so  we  are  now  figuring 
it. 
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Akkra  soluta,  Gmelin. 

?1791.     Bulla  soluta,  Gmelin.    Syst.  Nat.,  ed.  xiii.,  p.  3434. 
1850.     Bulla   (Akera)   soluta,    Sowerby.      Thes.    Conch., 

vol.  ii.,  p.  572,  pi.  21,  f.  40. 
1896.     Akera  soluta,  Kobelt.     Conch.  Cab.,  p.  96,  pi.  2, 
f.  20-22. 
Hab.  -San  Remo  (Mrs.  A.  F.  Kenyon). 

Obs. — This  widely  distributed  species  has  been   recorded   as 
obtained  on  the  coasts  of  New  South  Wales  and  South  Australia. 

Clavaoella  multanoularis,  Tate. 

1887.     Aspergillus,    multangulare.    Tate.     T.R.S.    S.A., 

vol.  ix.,  p.  64,  pi.  4,  f.  4.  a.  b. 
1892.     Clavagella  multangularis,  Tate.     Id.,  vol.  xv.,  p. 
134. 
Hab. — Dredged  living,  about  seven  fathoms,  between  Phillip 
and  French  Islands,  Western  Port. 

Mtodora  albida,  T.  Woods. 

1876.     Myodora  albida,  T.  Woods.     P.R.S.  Tas.,  p.  160. 
1896.     Myodora  corrugata,  Verco.     T.R.S.  S.A.,  vol.  xx., 

p.  229,  pi.  8,  f.  1,  la.  lb. 
1901.     Myodora  albida,  Tate  and  May.     P.L.S.  N.S.W., 
vol.  xxvi.,  p.  422. 
Hab.-  Dredged  between  Phillip  and  French  Islands,  Western 
Port. 

Obs.— A  small  fragile  species,  in  shape  resembling  a  Thraci- 
opsis. 

Thracia  lincolnensis,  Verco. 

1907.     Thracia    lincolnensis,    Verco.     T.R.S.    S.A..    vol. 
xxxi.,  p.  229,  pi.  28,  f.  19-21. 
Hab.—  Frankston,  Port  Phillip. 

Obs.—  A  small  white  shell.     Size  of  type :    Anteroposterior, 
7.3  ;  umbo- ventral,  5.1  mm. 

SOLETELLINA  BIRADIATA,   Wood. 

1903.     Soleteliina  biradiata,  Pritchard  and  Gatliff.  P.R.S. 
Vic,  vol.  xvi.,  n.s.,  p.  114. 
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1907.     Soletellina   hedleyi,    Sowerby.      Proc.    Mai.    Soc. 
Lond.,  vol.  vii.,  p.  302,  pi.  25,  f.  12. 
Hab.— Port  Phillip. 

Obs. — Mr.  Sowerby  is  right  in  stating  that  the  above  shell  had 
long  passed  muster  in  Australian  collections  for  Sang uinol aria 
vitrea,  Desh.  Pritchard  and  Gatliff  discovered  the  error  when 
dealing  in  their  catalogue  with  Soletellina  biradiata,  Wood,  of 
which  species  the  shell  described  as  S.  hedleyi  is  the  young 
form. 

Tbllina  subdiluta,  Tate. 

1887.     Tellina  subdiluta,  Tate.     T.R.S.  S.A.,  vol.  ix.,  p. 
65.  pi.  4,  f.  9. 
Hab. —  Dredged  off  Stony  Point,  Western  Port;  one  valve. 

Venerupis  obbsa,  Deshayes. 

1853.  Venerupis  obesa,  Deshayes.     P.Z.S.  Lond.,  p.  5. 

1854.  Venerupis  obesa,  Sowerby.     Thes.  Conch.,  vol.  ii., 

p.  767,  pi.  164,  f.  15. 
1874.     Venerupis  obesa,  Reeve.     Conch.  Icon.,  vol.  xix., 
pi.  3,  f.  13. 

1903.  Venerupis    sp.,    Pritchard    and    Gatliff.     P.R.S. 

Vic,  vol.  xvi.,  n.s..  p.  121. 

Hab. — Portarlington  and  Port  sea,  Port  Phillip. 

Obs. — At  the  reference  last  quoted  it  was  stated  that  our  shell 
was  comparable  with  V.  obesa.  Additional  specimens  have  since 
been  obtained,  and  upon  comparison  by  one  of  us,  prove  to  be 
the  same  as  a  single  specimen  at  the  British  Museum  bearing 
that  name.     The  locality  of  it  is  given  as  Port  Phillip. 

Genus  Cyamiomactra,  Bernard,   1897. 

Cyamiomactra  mactroides,  Tate  and  May. 

1904.  Cyainiuni     mactroides,     Pritchard     and     Gatliff. 

P.R.S.  Vic,  vol.  xvii.,  n.s.,  p.  228. 
1906.     Cyamiomactra  mactroides,  Hedley.    P.L.S.  N.S.W., 
vol.  xxx.,  p.  541,  pi.  31,  f.  9,  10. 
Hab.— Portsea,  Port  Phillip;  Western  Port;  Port  Albert. 

26a 
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Cyamiomactra  communis,  Hedley. 

1906.     Cyamiomactra  communis,  Hedley.     P.L.S.  N.S.W., 
vol.  ra.,  p.  541,  pi,  31,  f.  11-13. 
Hab. — Port  Fairy. 

Genus  Legrandina,  Tate  and  May,   190). 

Legrandina  bernardi,  Tate  and  May. 

1901.     Legrandina     bernardi,     Tate     and    May.     P.L.S. 
N.S.W.,  vol.  xxvi.,  p.  433  and  463,  pi.  27,  f. 
98, 99. 
Hab.— Port  Albert  (T.  Worcester). 

Obs. — Externally  this  shell  resembles  Cyamiomactra.  We 
sent  specimens  for  examination  to  Mr.  W.  L.  May,  to  ascertain 
if  it  was  the  above  species.  In  his  reply  he  remarks :  "  Un- 
doubtedly L.  bernardi,  only  they  are  much  more,  or  perhaps 
quite  adult,  whilst  our  typical  lot  I  now  consider  to  be  very 
immature.  The  older  shell  causes  the  hinge  to  be  much  stronger 
and  more  easily  seen  than  in  the  type.'' 

Genus  Neolepton,  Monterosato,   1875. 

Neolbpton  sanouineum,  Hutton. 

1884.     Kellia  sanguinea,  Hutton.     Trans.   New  Zealand 

Inst.,  vol.  xvi.,  for  1883,  p.  215. 
1904.     Neolepton  sanguineum,    Hutton.      Index   Faunae 
Nov.  Zealandiae,  p.  92. 
Hab. — Torquay  ;  Ocean  Beach,  Point  Nepean. 
Obs. — I   small   orbicular  shell.      Our  identification   is   made 
from  specimens  kindly  sent  by  Mr.  H.  Suter,  New  Zealand. 

Neolbpton  antipodum,  Filhol. 

1880.  Kellya  antipodum,  Filhol.  Compt.  Rend.  Acad. 
Sci.,  vol.  xci.,  p.  1095. 

1897.  Neolepton  antipodum,  Bernard.  Bull.  Mus.  d' 
Hist.  Nat.,  vol.  vii.,  p.  314. 

1906.  Neolepton  antipodum,  Hedley.  Trans.  New  Zea- 
land Inst.,  vol.  xxxviii.,  for  1905,  p.  73,  pi.  1, 
f.  5. 
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Hab. — Dredged  off  Portsea,  Port  Phillip ;  Ocean  Beach,  Point 
Nepean. 

Obs. — A  small  concentrically  ridged  shell.  Size :  Height  1.9, 
length  2.1  mm. 

Nbolhpton  bostbllatum,  Tate. 

1904.    Kellia   rostellata,   Pritchard   and   Gatliff.     P.R.S. 
Vic,  vol.  xvii.,  n.s.,  p.  225. 

1906.  Neoiepton   rostellatum,   Hedley.     P.L.S.  N.S.W., 

vol.  ixx.,  p.  542,  pi.  21,  f.  3,  4. 

1907.  Neoiepton  rostellaum,  Verco.     T.R.S.  S.A.,  p.  106. 
Hab. — Ocean  Beach,  Point  Nepean. 


Genus  Ephippodonta,  Tate,   1889. 

Ephippodonta  lunata,  Tate. 

1887.     Scintilla  (7)  lunata,  Tate.     T.R.S.  S.A.,  vol.  ix.,  for 

1886,  p.  69,  pi.  4,  f.  8. 
1889.     Ephippodonta  lunata,  Tate.     T.R.S.  S.A.,  vol.  x., 
p.  63. 
Hab. — San  Remo  (Mrs.  A.  F.  Kenyon). 
Obs. — One  valve  only  obtained. 

Condtlocardia  ovata,  Hedley. 

1906.     Condylocardia  ovata,  Hedley.     P.L.S.  N.S.W.,  for 
1905,  p.  539,  pi.  31,  f.  5,  6. 
Hab. — Dredged  between  Phillip  and  French  Islands,  Western 
Port. 

Obs. — A  small  white  translucent  shell,  with  slight  concentric 
ridges.     Size:  Height  1.35,  length  1.55  mm. 

Genus  Anadara,  Gray,   1847. 

Anadara  trapezia,  Deshayes. 

1904.     Barbatia  trapezia,  Pritchard  and  Gatliff.     P.R.S. 

Vic,  vol.  xvii.,  n.s.,  p.  242. 
1904.     Area    iischkei,    Hedley    (non    Dunker).     P.L.S. 

N.S.W.,  vol.  xxix.,  p.  203,  pi.  9,  f.  29-34. 
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•     1907.     Anadara  trapezia,  Lamy.     Jour  de  Conch.,   voL 
lv.,  p.  246. 
Hab. — Dredged  living.  Western  Port. 

Obs.— -In  his  Revision  of  the  Arcidae,  Mr.  Lamy,  in  a  foot- 
note, page  243,  quotes  Mr.  Hedley's  paper,  but  he  does  not 
appear  to  adopt  the  conclusions  therein  set  forth. 

Genus  Lissarca,  E.  A.  Smith,  1879. 

LlSSARCA  RHOMBOIDALIS,  VerCO. 

1907.     Lissarca  rhomboidalis,  Verco.     T.R.S.  S.A.,  vol. 
xxxi.,  p.  221,  pi.  27,  f.  7. 
Hab. — Dredged  between  Phillip  and  French  Islands,  Western 
Port. 

Obs. — A  small,  translucent,  horn-coloured  shell  of  the  shape 
indicated  by  its  name.     Size  :  Height  2,  length  2.4  mm. 

Lissarca  rubricata,  Tate. 

1904.     Limopsis  rubricata.    Pritchard  and  Gatliff.    P.R.S. 

Vic,  vol.  xvii.,  n.s.,  p.  246. 
1907.     Lissarca  rubricata,  Verco.    T.R.S.  S.A.,  vol.  mi., 
p.  221. 
Hab. — Portsea,    Port    Phillip;    Torquay;    dredged,    Western 
Port. 

Obs. — Those  obtained  living  in  the  last  named  locality  are 
usually  of  a  uniform  red  colour,  but  were  identified  by  Prof.  Tate 
as  being  his  species.  In  the  first  reference  given  above  it  was 
mentioned  that  the  generic  classification  was  unsatisfactory. 
That  opinion  has  received  confirmation  by  the  alteration  that 
has  been  made,  with  which  we  agree. 

Lissarca  picta,  Hedley.     Var. 

1899.     Austrosarepta,  picta,  Hedley.     P.L.S.   N.S.W.,   p. 

430. 
1907.     Lissarca  picta,  Lamy.     Jour,  de  Conch.,  vol.  lv., 
p.  291. 
Hab. — Dredged,  Western  Port. 

Obs. — One  valve  only  was  found,  and  kindly  identified  for  us 
by  Mr.  Hedley  as  a  variety  of  his  species.     In  a  foot-note  at  the 
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reference  last  above  quoted  it  is  stated  that  a  letter  has  been 
received  from  Mr.  Hedley,  re-classifying  the  shell. 

Gltcimbris  flabbllatus,  T.  Woods. 

1904.     Glycimeris     flabellatus,     Pritchard     and     Gatliff. 
P.R.S.  Vie.  vol.  xvii.,  n.s.,  p.  242. 

.     Pectunculus  pectinoides,   Chenu   (non   Deshayes). 

Ulus.  Conch.,  vol.  iii.,  pi.  2,  f.  2. 
1907.     Glycimeris    pectinoides,    Verco    (non    Deshayes). 
T.R.S.  S.A.,  vol.  xxxi.,  p.  226,  pi.  28,  f.  4. 
Hab. — Portland  ;  Lakes  Entrance. 

Obs. — At  the  reference  above  quoted  Dr.  Verco  considers  our 
species  as  being  the  same  as  Pectunculus  pectinoides,  Deshayes. 
Cuvier  Regn.  Aniui.  (Fortin  and  Masson's  illustrated  edition), 
Mollusques,  pi,  87,  f.  8.  There  is  no  copy  of  this  work  in  South 
Australia,  but  our  Museum  Library  possesses  one — it  does  not 
bear  the  date  of  publication — to  which  we  have  referred.  Judg- 
ing from  it,  we  are  unable  to  agree  with  our  species  being  the 
same  as  P.  pectinoides,  Deshayes.  The  shell  there  figured  has 
radiating  ribs  all  curving  to  the  posterior  side.  In  our  shell 
they  radiate  almost  equally  from  the  centre  of  the  umbones  to 
either  side.  Chenurs  figure  does  not  quite  represent  the  shell 
as  we  find  it,  but  Dr.  Verco  states  that  it  cannot  be  distinguished 
from  a  half-grown  example  as  found  by  him  in  South  Australia. 
When  consulting  Chenu's  work  we  were  unable  to  find  any  date 
to  it. 

Genus   Modiolarca,  Gray,   1847. 

Modiolarca  tasmanica,  Beddome. 

1883.     Modiolarca  tasmanica,  Beddome.     P.R.S.  Tas.,  for 

1882,  p.  168. 
1901.     Modiolarca    tasmanica,    Tate    and    May.     P.L.S. 
N.S.W.,  vol.  xxvi.,  p.  439,  fig.  12  in  text,  and 
p.  462. 
Hab. — Found,    living,    on    seaweed,    Portsea,    Port    Phillip; 
Portland. 

Obs. — A  small  brown  shell.  Size  of  type :  Length  3,  breadth 
4,  height  2.5  mm. 


[Proc.   Rot.    Spc.   Victoria,  21    (N.S.),  Pt.  I.,    1908]. 


Art.    XIV. — On  ilve  Occurrence  of  tlce  Genus  Linthia 
in    Victoria,  with  description  of  a  new  species. 

By     G.     B.     PRITCHART),     B.Sc.     F.G.S., 

Lecturer  on  Geology  &c.f  Working  Men's  College,  Melbourne. 

(With  Plates  XXII.,  XXIII.). 

[Read  11th  July,  1908]. 

For  several  years  the  occurrence  of  a  gigantic  species  of 
echinoderm  in  the  Batesford  Limestone,  Geelong,  has  been 
known  to  me  by  abundant  fragments  and  imperfect  portions 
of  a  very  large  test.  In  1890  I  obtained  an  entire  but  very 
badly  crushed  example,  which,  together  with  the  previously 
obtained  fragments,  was  then  regarded  as  Pericosmus  gigcu, 
McCoy,  and  was  recorded  as  such  from  the  above  locality,  in  a 
paper  on  the  Geology  of  the  Southern  Portion  of  the  Moorabool 
Valley.* 

This  record  should  now  be  expunged,  for  more  recently  I 
obtained  the  largest  and  most  perfect  example  I  have  yet  seen, 
and  careful  examination  of  this  shows  it  to  belong  undoubtedly 
to  the  genus  Linthia,  and  not  to  Pericosmv*.  The  late  Sir  F. 
McCoy  records2  Perirosmus  gigas  from  Corio  Bay,  Geelong,  but 
the  specimen  as  preserved  in  the  National  Museum,  Melbourne, 
being  very  imperfect  and  badly  broken,  shows  a  good  deal  of 
the  matrix,  and  unfortunately  no  such  matrix  is  known  to  occur 
at  Corio  Bay. 

It  is  possible  that  this  specimen  may  have  come  from  the 
Batesford  Quarries,  and  if  such  should  have  been  the  case,  it  is 
likely  that  Pericosmus  gigas,  as  well  as  the  large  new  species 
of  Linthia  herein  described,  may  have  existed  in  the  same 
locality. 


1  Proc.  Koy.  8oc.  Vic,  vol.  iv.,  n.s.,  pt.  I.,  p.  18. 
•2  Prod.  Pal.  Vic,  dec.  vil.,  p.  16,  pis.  64,  05. 
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Until  recently  the  only  Australian  Older  Tertiary  record  of 
Linthia  was  that  of  Professor  R.  Tate,  in  1885,1  when  he  at- 
tached the  name  of  Linthia  antiaustralis  to  an  echinoid  from 
the  River  Murray  Cliffs,  near  Morgan. 

In  his  revision  of  our  echinoids  in  18912  this  was  still  the  only 
species  known.  Linthia  has  recently  been  recorded8  from  Vic- 
toria, when  the  above  Murray  Cliffs  fossil,  L.  antiaustralis,  Tate, 
has  been  referred  to  as  occurring  at  Curlewis,  near  Geelong. 

In  order  to  make  the  present  description  as  complete  as  pos- 
sible, I  have  thought  it  as  well  to  include  a  full  description  of 
the  generic  characters  as  given  by  Professor  Martin  Duncan  in 
his  Revision  of  the  Echinoidea.4 


Genus  Linthia,  Merian,   1853. 

Test  variable,  small  to  large,  oval  or  cordiform,  grooved 
anteriorly,  subacuminate  or  truncated  posteriorly,  tumid  and 
gibbose  dorsally,  almost  flat  actinally.  Apical  system  small, 
excentric  in  front ;  four  perforated  basal  plates ;  the  madre- 
porite  separating  the  posterior  basal  plates  and  also  the  pos- 
terior radial  plates. 

Ambulacra  diverse ;  the  anterior  in  the  broad  groove,  the 
pores  round  and  small,  the  anterolateral  long,  with  the  petaloid 
parts  in  grooves,,  moderately  long,  divergent,  pairs  of  pores, 
equal  or  subequal,  nearly  closing  distally ;  postero-lateral  ambu- 
lacral  petals  also  in  sunken  grooves,  less  divergent  and  shorter 
than  the  others.  Ambulacra  forming  the  greater  part  of  the 
peristomial  margins,  and  moderately  broad  on  either  side  of 
the  sternum.  Peristome  excentric  in  front,  semilunar,  with  well- 
developed  posterior  labrum.  An  am  phi  sternum ;  the  second 
plates  of  both  of  the  zones  of  the  riprht  posterior  ambulacrum 
united,  so  as  to  produce  ancient  heteronomy.  Periproct  at  the 
upper  part  of  the  posterior  truncation. 


1  Southern  Science  Record,  vol.  i.,  n.s.,  No.  1,  Jan.,  18t*.r». 

2  Trans.  Roy.  Soc.  S.A.,  vol.  xiv.,  pt.  ii.,  p.  277. 

8  F.  Chapman,  Victorian  Fossils,  pt.  ix.,  1908;   Proc.  Roy.  Soc.  Vic,  vol.  \x..  n.s.,  pt. 
H.,  p.  215,  pi.  xix.,  f.  1,2,  3. 

4  Jour.  Lin.  Soc.  Loud.,  Zool.,  vol.  xxiii.,  1891,  p.  233. 
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A  peripetalous  fasciole  entering  the  interradia,  a  lateral 
fasciole  starting  from  the  peripetalous  close  to  the  anterolateral 
ambulacra  and  passing  beneath  the  periproct. 

Tubercles  crowded,  largest  actinally,  usually  crenulate  and 
perforate,  and  either  on  flat  or  in  sunken  scrobicules. 


I.— Linthia   mooraboolensis,  sp.  nov. 
(PI.  XXII.,  Figs.  1,  2;   PL  XXIII.,  Figs.  3,  4). 

Description.  —The  test  is  very  much  depressed,  and  quite  as 
tumid  post-medially  on  the  base  or  actinal  surface,  as  behind  the 
apex  on  the  abactinal  surface,  becoming  relatively  much  more 
flattened  towards  the  anterior  margin.  The  marginal  contour  is 
circular  to  very  slightly  elliptical,  there  usually  being  a  little 
greater  length  in  the  anteroposterior  diameter;  deeply  but 
narrowly  grooved  in  front,  where  the  odd  anterior  ambulacrum 
runs,  and  the  groove  is  not  of  uniform  width,  having  its 
maximum  width  about  midway  between  the  apical  system  and 
the  anterior  margin,  and  its  minimum  width,  which  is  about 
one-third  of  the  maximum,  at  one-fourth  of  this  distance  from 
the  anterior.  The  anterior  groove  indents  the  margin  to  the 
extent  of  one-tenth  of  the  antero-posterior  diameter. 

Upper  surface  very  slightly  convex,  greatest  convexity  in  the 
posterior  interambulacrum,  but  not  strikingly  keeled. 

Seen  in  lateral  profile  the  maximum  height  of  the  test  is  situ- 
ated at  one-third  the  diameter  from  the  posterior  margin., 
abactinally  gradually  sloping  to  the  anterior  and  posterior, 
actinally  almost  flat  to  the  peristome,  but  running  up  at  very 
low  angle  to  the  periproct. 

The  transverse  profile  is  biconvex,  more  regular  dorsally,  but 
vent  rally  flattening  towards  the  ambitus,  which  in  consequence 
is  not  very  tumid,  but  rather  suddenly  rounded. 

Sternum  convex,  broadly  lanceolate,  well  defined  laterally 
by  the  posterior  ambulacra,  with  two  strong  posterior  tumidities, 
between  which  a  shallow  groove  runs  up  to  the  elliptical  peri- 
proct, the  latter  being  obliquely  set  immediately  below  the 
margin.  Peristome  large,  semilunate,  eccentric  to  the  front, 
and  very  close  to  the  anterior  notch,  with  a  strongly  swollen 
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posterior  lab  rum.  Ambulacra  petaloid,  unequal,  narrow,  but 
deeply  sunken,  anterior  pair  (70  mm.  in  the  type)  longer  than 
the  posterior  pair  (55  mm.),  the  anterior  pair  showing  an  angle  of 
divergence  of  125  degrees,  whilst  the  posterior  pair  diverge  at  an 
angle  of  50  degrees,  all  showing  a  slight  forward  curvature  at 
their  extremities.  The  odd  anterior  ambulacrum  shallow  at  first, 
then  broadening  and  deepening,  then  further  deepening  and 
narrowing  owing  to  the  overhanging  and  closely  approaching 
margins. 

Pores  conjugate,  upper  series  usually  ovate,  whilst  the  lower 
series  are  sometimes  more  nearly  circular  or  only  slightly 
elliptical,  each  ambulacral  plate  being  perforated  very  near  its  lower 
suture  ;  between  thirty  and  forty  pairs  of  pores  exist  in  each 
poriferous  zone,  the  smaller  number  being  in  the  posterior 
petals. 

The  tubercles  are  remarkable  in  this  species  for  their  extreme 
fineness,  very  minute  mammillation,  and  uniformity  on  the 
greater  part  of  the  abactinal  surface,  becoming  a  little  coarser 
towards  the  anterior  notch.  The  sternum  is  medially  finely 
tuberculate,  but  becomes  much  more  coarsely  sculptured  towards 
the  posterior  ambulacral  plates,  between  the  latter  and  the 
ambitus  the  coarsest  tubercles  occur,  and  these  also  show  a 
marked  increase  in  size  towards  the  front  margin. 

Tubercles  perforate,  scrobiculate,  and  the  coarser  on  the  base 
faintly  crenulate,  abactinal  tubercles  a  little  obliquely  and  back- 
wardly  directed,  the  boss  usually  being  eccentric  on  the  scro- 
bicule,  which  has  the  appearance  of  a  flat  surface,  and  very 
minute  granules  or  miliaries  surround  the  outside  of  the 
scrobicule. 

Finest  scrobicules  run  three  in  2  millimetres,  while  the 
coarsest  are  of  about  1  millimetre  in  diameter,  and  the  coarsest 
tubercle  is  not  more  than  half  a  millimetre  in  diameter. 

There  is  a  well  developd  but  narrow  (width,  1  mm.),  and  very 
sinuous  peripetalous  fasciole,  which  margins  very  close  up  to  the 
petals :  a  still  narrower  (about  .5  mm.)  lateral  fasciole  starts 
from  the  peripetalous  fasciole  just  a  little  behind  and  above  the 
end  of  the  anterolateral  petal,  runs  gradually  towards  the 
margin,  then  parallel  with  it  for  a  distance  before  dropping 
below  the  margin,  and  apparently  dips  under  the  anus,  but  the 
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latter  portion  of  its  course  is  not  absolutely  distinct  in  the 
specimens  Before  me. 

Dimensions. — Longitudinal  diameter,  195  millimetres ;  trans- 
verse diameter,  185  mm. ;  height,  55  mm. ;  Periproct,  20  mm. 
by  15  mm. ;  Peristome,  23  mm.  by  4  mm. ;  thickness  of  test, 
2  mm. 

Locality. — Polyzoal  Limestones  of  the  Filter  Quarries,  Bates- 
ford,  Moorabool  Valley. — Balcombian — Eocene. 

Observations.-  -In  this  species  one  is  struck  by  the  very  large 
size  associated  with  a  comparatively  thin  and  weak  test,  and 
this  no  doubt  accounts  for  the  large  number  of  fragments  or 
crushed  specimens  obtainable  as  against  perfect  examples,  which 
have  hitherto  been  very  rare.  This  form  appears  to  be  one  of 
the  largest,  if  not  the  largest,  species  of  the  genus  ;  but  I  am 
not  in  a  position  to  assert-  positively  on  this  point,  as  I  have  not 
yet  had  access  to  all  the  described  species. 

From  Pericosmus  gig  as,  McCoy,  which,  by  the  way,  is  also 
referable  to  the  genus  TAnthia,  the  present  species  differs  in  its 
much  more  depressed  form,  its  profile  views  being  very  dis- 
tinctive, the  anterior  notch  shows  many  divergent  features,  the 
ornamentation  is  of  a  much  finer  character,  the  tubercles  are  not 
so  ornate,  the  fascioles  are  narrower  and  follow  a  rather  different 
course,  and  the  anterior  petals  diverge  at  a  much  smaller  angle, 
and  the  poriferous  plates  are  more  crowded.  The  proportion 
of  height  to  length  in  P.  gigas  is  given  as  45  :  100,  whilst  in 
the  present  species  it  is  only  28.2  :  100. 


11.— Linthia   gigas,  McCoy,  sp. 

1882.     Perico8miis  gigas,  McCoy.     Prod.  Pal.  Vic,  Dec. 

vii.,  pp.  15,  16,  plates  64,  65. 
1892.     Pericosmus  gigas,  Hall  and  Pritchard.     Proc.  Roy. 

Soc.  Vic.  vol.  iv.,  n.s.,  pt.  1,  p.  18. 

1892.     Pericosmus  gigas,  Pritchard.     Ann.  Report  South 

A ust.  School  of  Mines  and  Industries,  p.  185. 

Observations. — The  original  records  of  the  occurrence  of  this 

species    have   unfortunately    been    of    a    somewhat    ambiguous 

nature.     The  type  was  indicated  by  McCoy  as  from  the  banks 
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of  the  Murray,  near  its  junction  with  the  Darling,  but  those  who 
know  this  locality  have  very  grave  doubts  about  its  correctness. 
Then,  again,  Corio  Bay  is  given  as  a  locality,  but  the  specimen 
preserved  in  the  National  Museum  is  certainly  not  in  Corio  Bay 
matrix,  and  it  seems  probable  that  the  locality  should  have  been 
Batesford. 

Professor  Tate1  in  his  treatment  of  our  echinoids  only  repeats 
McCoy's  original  localities,  and  nothing  is  added  to  our  knowledge 
by  Dennant  and  Kitson's  Catalogue,3  while  the  latest  is  a  very 
doubtful  record  on  fragmentary  remains  of  a  very  large  echinoid 
from  near  the  junction  of  the  Grange  Burn  and  Muddy  Creek* 
Western  Victoria,  by  Mr.  F.  Chapman.8 

Having  regard  to  the  characters  of  this  echinoid,  there  seems 
very  little  doubt  but  that  McCoy's  species  is  better  placed  in  the 
genus  Linthia,  and  McCoy  himself  was  not  absolute  in  placing  it 
as  a  Pericosmus,  for  he  states :  "  I  refer  the  fossil  provisionally 
to  Perico8mus  as  an  aberrant  species."  The  imperfect  remains 
recorded  by  Mr.  Chapman  from  our  Western  District  are  referred 
to  as  probably  Linthia  gigas. 

#In  transferring  this  large  species  of  echinoid  to  the  genus 
Linthia,  the  possibility  of  the  foregoing  new  species  herein 
described,  being  only  a  form  of  L.  gigas,  has  not  been  lost  sight 
of,  especially  when  one  finds  such  enormous  variability  in  all 
our  echinoid  species,  which  can  be  collected  in  large  numbers. 
Still  the  characters  in  the  specimens  hitherto  obtained  of  the  new 
species  appear  to  run  along  sufficiently  divergent  lines  to  war- 
rant a  distinctive  name. 

Linthia  gigas  may  be  characterised  by  being  a  very  large  con- 
vexly  rounded  species  with  strongly  swollen  ambitus,  very  widely 
divergent  anterior-lateral  petals,  which  are  distinctly  sigmoidal, 
in  general  shape  somewhat  ovate,  and  nearly  half  as  high  as 
long. 

III.— Linthia   antiaustralis,  Tate. 

1885.     Linthia    antiaustralis,    Tate.      Southern    Science 
Record,  vol.  i.,  n.s.,  No.  1,  January,  pp.  4,  5. 

1  Trans.  Roy.  Soc.  S.A.,  1891.  vol.  xiv.f  pt  ii.,  p.  277. 

2  Rcc.  Geo.  Surv.  Vic,  vol.  i.f  pt.  ii.,  p.  131. 

3  Proc.  Roy.  Soc.  Vic,  1908,  vol.  xx.,  n.s.,  pt.  ii.,  p.  217. 


398  G.    B.   PritduiYd: 

1908.  Linthia  antiaustralis,  Chapman.  Proc.  Roy.  Soc. 
Vic,  vol.  xxii.,  n.s.,  pt.  2,  pp.  215,  216,  plate 
xix.,  f.  1,  2,  3. 

Obnervations.-  -Thin  Hpecieg  had  not  been  recognised  as  occur- 
ring in  Victoria  until  a  recent  publication  by  Mr.  Chapman, 
when  Curlew  is,  near  Geelong,  is  given  as  its  locality,  though 
the  specimen  was  apparently  collected  by  Mr.  Dai n tree  as  early 
as  1801.  Professor  Tate's  original  particulars  concerning  this 
species  are  of  the  most  meagre  description,  and  failing  a  close 
and  critical  comparison,  either  with  the  type,  or  with  Lint  hi  as 
of  similar  dimensions  from  the  type  locality,  it  seems  to  me 
well  nigh  impossible  to  make  a  certain  identification.  Pro- 
fessor Tate  gives  no  figure  of  this  species,  but  gives  the  dimen- 
sions as :  Diameters  of  the  base  60  mm.  and  50  mm.,  and 
height  40  mm.  Mr.  Chapman  figures  the  Curlewis  specimen 
without  any  further  descriptive  particulars  or  dimensions,  but 
notes  in  his  explanation  of  the  plate  that  the  figures  are  natural 
size. 

Figure  1  measures  in  length,  44  mm. ;  height,  27  mm.  Figure 
2,  length,  42  mm.  ;  width.  37  mm.  Figure  3,  length,  45.5  mm.  : 
width,  39  mm. 

These  figures  represent  the  profile,  the  dorsal  view,  and  the 
ventral  view  respectively,  but  do  not  appear  to  show  a  very 
accurate  agreement,  and  hardly  seem  close  enough  to  Tate's 
particulars  to  admit  of  absolute  certainty  in  the  matter  of  this 
identification.  With  discrepancies  of  this  kind  and  poor  repro- 
duction, it  is  little  wonder  that  photographic  reproduction  of 
echinoids  is  strongly  objected  to  in  certain  quarters. 

I  am  quite  aware  that  it  is  no  easy  matter  to  get  good  accu- 
rate photographs,  and  then  again  to  follow  that  up  by  equally 
good  reproduction  ;  but  at  any  rate  every  precaution  should  be 
taken  to  start  well.  For  the  sake  of  argument,  suppose  that 
this  Curlewis  echinoid  does  not  prove  to  be  Tate's  Murray  Cliffs 
species,  then,  what  have  we  got?  First  a  very  poor  original 
description,  then  figures  which  do  not  represent  it,  and  of 
course  many  workers  would  be  likely  to  look  at  the  figures  first, 
and  we  have  a  highly  interesting  position  for  a  young  student. 

Such  difficulties  do  present  themselves  occasionally,  but  surely 
it  should  be  our  very  best  endeavour  to  avoid  the  possibility  of 
such  confusion  for  the  sake  of  subsequent  investigators. 
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TV. — Linthia   nelsoni,  McCoy,  sp. 

^82.  Perico8mu8  nelsoni,  McCoy.  Prod.  Pal.  Vic,  Dec. 
vii.,  pp.  17-19,  pi.  66,  f.  1,  2,  and  pi.  67,  f.  1. 
1891.  Perico8mus  nelsoni,  Tate.  Trans.  Roy.  Soc.  S.A., 
vol.  xiv.,  pt,  2,  p.  277. 

Observations. — This  species  which,  so  far  as  I  am  aware,  has 
only  been  collected  from  the  Waurn  Ponds  quarries,  which  are 
situated  about  seven  miles  west  of  Geelong,  appears  on  examina- 
tion to  require  its  removal  from  the  genus  Pericosmus  to 
Linthia.  All  the  characters  of  my  specimens  agree  absolutely 
with  those  of  Linthia,  and  also  with  McCoy's  description  of  the 
above  species,  with  the  exception  of  the  courses  of  the  fascioles. 
In  my  examples  there  is  a  distinct  and  complete  peripetalous 
fasciole,  and  a  latero-sub-anai  fasciole,  which  start*  from  the 
peripetalous  a  little  above  and  behind  the  end  of  the  anterior 
lateral  petal.  McCoy  figures  a  basal  view  (plate  66,  f.  2),  which 
is  very  misleading  in  its  anterior  and  posterior  aspect.  Through 
the  courtesy  of  Mr.  F.  Chapman  I  have  been  able  to  examine 
McCoy's  type  and  figured  specimens,  in  addition  to  other  ex- 
amples, preserved  in  the  National  Museum,  Melbourne.  I  was 
very  much  surprised  to  find  McCoy's  original  material  in  such  an 
imperfect  state,  and  so  poorly  preserved,  and  this  no  doubt 
accounts  for  the  discrepancies  which  appear  to  exist.  On  plate 
66,  figure  1,  the  posterior  dorsal  keel  is  abnormally  flattened 
owing  to  crushing,  whilst  it  is  really  distinctly  angularly  keeled 
in  perfect  specimens. 

Plate  66,  figure  2,  shows  the  base  of  another  crushed  specimen, 
but  I  was  unable  to  detect  the  anterior  portion  of  the  peri- 
petalous fasciole  in  the  position  as  figured ;  it  is  just  discernible 
on  the  front  margin,  but  could  not  be  visible  in  the  view  as 
shown,  unless  the  artist's  licence  goes  so  far  as  to  permit,  first,  a 
tipping  up  of  the  posterior  end  to  include  a  view  of  the  periproct, 
and  then  a  similar  treatment  for  the  front  of  the  test,  to  include 
as  much  character  as  possible. 

Figure  1,  on  plate  67,  is  wrong  in  its  fasciole  track,  for  while 
one  side  of  this  specimen  is  somewhat  obscure,  the  other  dis- 
tinctly shows  the   lateral    fasciole    running    up   to   and  joining 
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the  peripetalous  at  the  rear,  and  a  little  above  the  end  of  the 
anterior  lateral  petal. 

The  anterior  notch  and  the  space  where  the  odd  anterior 
ambulacrum  is  lodged  may  be  rather  deeper,  and  the  other 
petaloid  ambulacra  may  be  more  sunken  than  indicated  by 
McCoy  in  his  description. 


EXPLANATION     OF    PLATES. 


Plate   XXII. 

Fig.   1. — Linthia  inooraboolensis,  sp.  no  v.     Abactinal  view. 
„     2. — Id.     Longitudinal  profile. 

Plate   XXIII. 

Fig.  3. — Linthia  mooraboolensis,  sp.  nov.     Actinal  view. 
„     4. — Id.     Profile  from  the  front. 

Notk. — All  the  figures  are  much  reduced,  the  actual  specimen 
figured  being  a  little  over  7£  inches  in  its  greatestfdiameter. 
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Art.    XV. — On    the    Structure    of  Hologlcea   dubia,   an 
Organism   of  doubtful   affinity. 

By    BALDWIN    SPENCER,    M.A.,    C.M.U.,    F.K.S., 

Professor  of  Biology  in  the  Melbourne  University. 

(With  Plates  XXIV.,  XV.). 

[Read  10th  September,  1908.] 

In  February,  1905,  Dr.  T.  S.  Hall  collected  at  Lome,  on  the 
shores  of  the  southern  coast  of  Victoria,  a  few  specimens  of  a 
small  organism  that  had  evidently  been  thrown  up  during  heavy 
weather  in  Bass  Strait.  From  that  time  to  this  no  further  speci- 
mens have  been  obtained.  Dr.  Hall  was  unable  to  preserve 
many,  and  the  fourteen  that  he  did  secure  were  preserved  in 
formalin,  and  remained  unnoticed  until  recently  in  the  store  col- 
lections of  the  Biological  Laboratory  in  the  Melbourne  Univer- 
sity. 

The  general  appearance  of  the  organism  suggested  at  first 
glance  an  alliance  with  the  Ctenophora,  but  what  appears  on 
superficial  examination  to  be  of  the  nature  of  ctenophoral  bands 
turn  out,  on  minute  examination,  to  have  nothing  whatever  to 
do  with  these,  and  not  to  possess  the  slightest  trace  of  cteno- 
phoral plates  or  canals. 

I  thought  at  one  time  that  the  organisms  might  be  detached 
parts  of  some  larger  form — specially  modified  individuals  of 
sonic  colonial  animal— but  careful  search  reveals  no  trace  of  any 
s,uch  separation  having  taken  place,  and  I  can  only  conclude, 
therefore,  that  they  represent  a  stage  in  the  life  history  of  some 
form  which  is  at  present  unrecognised  ;  possibly,  as  will  be  seen 
later,  a  nurse  stock. 

Their  structure  is  at  once  simple,  definite  and  remarkable, 
and,  in  certain  respects,  quite  unlike  that  of  any  organism  at 
present  described. 

Each  has  taken  the  form  of  a  mass  of  stiff  jelly  with  four 
sides  and   an  oral   and  aboral  end.     (Figs.    1,   2,   3,   4.)     Every 
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margin  is  bounded  by  a  very  distinct  band  of  finely  punctated 
material  that  stands  out  clearly  as  a  light  band  when  the 
organism  is  viewed  against  a  dark  background.  For  the  pur- 
pose of  convenience  in  reference,  I  have  numbered  the  lateral 
margins  of  the  quadrangular  mass,  1,  2,  3  and  4. 

In  Figure  1  is  seen  a  general  view  of  the  organism.  It  it 
quite  transparent,  and  by  careful  focussing  under  a  low  power 
the  whole  of  the  structure  of  the  body  can  be  seen.  Figure  1 
represents  a  side  view,  Figure  3  a  view  of  the  oral  surface,  and 
Figure  4  a  diagrammatic  transverse  section.  The  dimensions 
of  the  largest  specimen  are  as  follows,  but  there  is  very  little 
variation  in  size  amongst  them.  Distance  between  oral  and 
aboral  surfaces,  11  mm.;  width  between  margins  1  and  3, 
9  mm.  ;  downward  projection  of  margin  1,  2.5  mm. 

General  Form. — When  the  animal  is  alive  the  body  is  prob- 
ably a  fairly  regular,  quadrangular  shaped  mass  of  stiff  jelly. 
The  mouth  lies  in  the  middle  of  the  oral  surface,  and  leads  into 
a  simple,  wide,  flask-shaped  cavity  occupying  the  centre  of  the 
jelly  mass.  From  the  central  point  of  its  distal  end  there  arises 
a  very  small  but  distinct  tube  which  runs  up  to,  and  opens 
on  a  conical  projection  on  the  aboral  surface.     (Fig.  2.) 

The  margin  numbered  1  (Figs.  1  and  o)  is  prolonged  beyond 
the  oral  surface  so  as  to  form  a  conical  projection,  the  three 
sharply  marked  edges  of  which  are  serrated.  The  surface  that 
lies  between  the  margins  1  and  2  (Figs.  1,  2,  4  and  5)  is  in- 
dented by  a  deep  groove  which  penetrates  the  jelly  almost  as 
far  as,  but  not  quite  to,  the  central  tubular  cavity.  On  the 
aboral  surface  the  jelly  is  lifted  up  (Fig.  2)  to  form  a  conical 
projection,  which  is  cut  through  by  the  groove,  into  which,  at  its 
upper  end,  the  small  tube  from  the  central  cavity  opens.  The 
groove,  which  forms  one  of  the  most  remarkable  features  of 
the  organism,  is  a  very  definite  structure,  and  extends  to  within 
a  short  distance  of  the  oral  surface.  Except  at  the  aboral  end 
its  lips  are  close  together.  At  the  oral  end  one  lip  is  continued 
(Fig.  5)  as  a  well-defined  line  of  densely  punctated  material, 
precisely  similar  to  that  of  the  margins,  marked  with  ten  or 
eleven  serrations.  It  passes  down,  curving  gracefully  on  to  the 
aboral  projection  already  described,  the  groove  not  extending 
so  far  as  its  termination. 
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Structure  of  Body  Wall. — One  of  the  most  striking  features 
is  the  entire  absence  of  any  cellular  structure  on  the  surface  of 
the  body.  When  stained  with  Haemalum  or  Picro-cannine, 
transverse  sections  cut  with  the  freezing  microtome1  showed, 
except  along  the  marginal  lines,  only  a  homogeneous  jelly  extend- 
ing from  the  central  cavity  to  the  surface,  without  a  trace  of  a 
cell  either  in  the  jelly  or  on  the  external  surface.  Preparations 
were  made  of  four  specimens,  with  precisely  the  same  result 
in  each  case.  It  is,  of  course,  possible,  but  scarcely  probable, 
that  every  vestige  of  cellular  structure,  supposing  such  to  have 
once  been  present  on  the  surface,  may  have  been  rubbed  off. 
The  otherwise  very  definite  and  in  all  cases  similar  form  and 
appearance  of  the  outside  surface  of  the  fourteen  specimens 
seem  to  indicate  that  this  remarkable  structure,  or  rather 
absence  of  structure,  is  characteristic  of  the  organism. 

As  already  said,  the  margins  are  very  definitely  modified. 
Against  a  dark  background  they  stand  out  white.  In  some  cases 
they  are  slightly  broken  and  discontinuous,  but  as  a  general 
rule  they  are  regular.  On  the  surface  of  each  is  a  very  definite 
cuticular  layer,  sharply  marked  by  reason  of  the  fact  that  it 
does  not,  or  at  most  only  slightly,  take  stain.  On  the  oral  pro- 
jection, and  also  in  some  cases  on  the  lower  parts  of  the  other 
marginal  lines  and  around  the  margins  of  the  oral  surface  the 
cuticle  is  distinctly  serrated.  (Figs.  5  and  5a.)  Each  serration 
has  a  core  of  material  that  slightly  takes  stain.  On  either  side 
of  the  marginal  lines  the  cuticle  merges  into  the  general  outer 
layer  of  the  jelly,  which  sometimes  has  the  appearance  of  being 
slightly  modified  as  if  to  form  a  thin  cuticle  over  the  jelly  mass. 
Beneath  the  cuticle  of  the  marginal  lines  lies  a  band  of  very 
finely  punctated  material,  but  beyond  these  punctations,  which 
are  densest  close  beneath  the  cuticle,  not  a  trace  of  structure 
can  be  detected.  There  are  no  cilia,  no  ctenophoral  plates,  and 
no  canals. 

The  terminal  curved  and  serrated  lip  of  one  side  of  the  groove 
(Fig.  5)  has  the  same  structure  as  the  marginal  lines. 

The  Central  Canal. — The  central  tubular  cavity,  with  the 
aboral  canal  and  certain  structures  associated  with  them,  are 


1  I  am  indebted  to  the  kindness  of  Mr.  W.  Fielder  for  cutting  these  sections  for  me. 
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the  only  parts  where  any  cellular  structure  can  be  detected. 
The  central  tube  functions,  presumably,  as  an  alimentary  canal. 
Its  oral  opening  is  just  a  simple  round  hole  in  the  jelly,  and 
from  thi*  a  Husk-shaped  tube,  gradually  increasing  in  size,  ex- 
tends upwards  for  about  four-fifths  of  the  length  of  the  jelly 
mass  (Al.  1).  From  the  centre  of  the  aboral  end  a  small  but  very 
definite  canal  arises,  and  from  the  same  point  four  bands  take 
their  origin  and  run  down  the  walls  of  the  tube,  alternating  in 
position  with  the  angles  of  the  jelly  mass  (Figs.  1  and  2).  One 
band  corresponds  in  position  with  the  deep  external  groove. 
(Fig.  4,  (t1.  1.)  In  two  of  the  specimens  indications  can  be 
detected  of  a  very  finely  attenuated  plate-like  structure  running 
across  to  each  of  the  four  faces  of  the  jelly  from  the  modified 
bands.  (Fig.  4.,  Spt.)  One  of  these  plates  corresponds  in  posi- 
tion with  the  deep  groove,  but  in  three  specimens  of  which 
sections  were  cut  I  could  not  distinguish  the  faintest  trace  of 
any  structural  differentiation  representing  them.  There  is  nor. 
the  slightest  indication  of  any  canal  system  other  than  the 
central  tube.  The  relationship  of  the  various  structures  referred 
to  are  lepresented  diagranuuically  in  Figure  4. 

In  some  specimens  the  bands  on  the  wall  of  the  central  cavity 
do  not  ex: end  as  far  as  the  oral  opening,  but  in  others  they  do. 
Each  h;:s  clearly  a  double  structure,  probably  representing  two 
rows  of  ceils,  and  they  (together  with  the  small  aboral  canal 
and  two  special  structures  to  be  described  later)  stain  much 
more  deeply  than  any  other  part.  In  Figure  6  a  small  part  of 
one  is  shown,  together  with  the  adjacent  lining  of  the  tube. 
The  band  shows  no  clearly  marked  outline  of  cells,  only  faint 
indications  of  this.  The  protoplasm  is  reticulated,  and  when 
stained  stands  out  in  strong  contrast  to  the  homogeneous  jelly 
in  contact  with  which  it  lies  like  a  ribbon.  The  cells,  if  such 
they  be,  are  much  flattened  out.  and  contain  numerous  rounded 
and  irregularly  shaped  bodies,  which  stain  deeply  and  some- 
times enclose  unstained  spherical  portions.  Between  the  bands 
the  remaining  part  of  the  wall  of  the  tube  is  lined  by  a  single 
layer  of  extremely  thin  cells  (Fig.  6,  (41.  2)  with  nuclei  that  are 
smaller  than  the  dark  bodies  in  the  bands,  and  take  stain  much 
less  deeply.  These  cells  are  evidently  easily  displaced,  as  in 
some  cases  they  are  absent,  and  the  wall  of  the  tube  is  actually 
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formed  of  jelly.  In  transverse  section  they  are  like  the  thinnest 
of  pavement  cells, 

The  aboral  canal,  though  small  in  diameter,  is  very  clearly 
defined,  and  as  already  described,  opens  into  the  groove  that 
furrows  one  side  of  the  organism,  and  ends  in  the  conical  pro- 
jections on  the  aboral  surface  (Fig.  2).  The  wall  of  the  canal  is 
formed  of  a  definite  gelatinous,  material  which  stains  somewhat 
more  deeply  than  the  ordinary  jelly  mass,  and  contains  nuclei. 

Aboral  Organ. — In  two  specimens  there  is  a  curious  but 
definite  bunch  of  projections  associated  with  the  aboral  canal, 
lying  in  the  groove  close  to  its  external  opening.  The  bunch 
of  processes  is  transversed  by  short  canals  which  open  into  the 
aboral  canal.  (Figs.  7  and  8.  Al.  2,  Al.  3.)  The  body  of  the 
whole  mass  is  made  of  the  same  gelatinous  material  as  the  main 
organism,  with,  however,  a  tendency  to  a  fibrous  formation. 
Nuclei  are  scattered  irregularly  through  it,  but  in  addition  to 
these  large  numbers  are  arranged  in  definite  relationship  to  the 
external  surface,  and  the  walls  of  the  canals  (Fig.  7),  indicating 
a  cellular  formation,  though  no  trace  of  cell  outline  can  be  dis- 
tinguished. Most  of  the  projections  are  club-shaped,  and  when 
stained  and  cut  in  section  show  the  structure  represented  in 
Figure  8,  Pr.  There  are  a  number  of  very  definite  dark  bodies 
often  arranged  in  two  roughly  concentric  series.  The  processes 
are  apparently  only  solid  masses  of  jelly  in  which  these  block- 
like structures  are  embedded,  and  their  arrangement  and  gene- 
ral resemblance  to  what  are  evidently  nuclei  in  other  parts  of 
the  processes  and  in  the  walls  of  the  canals  traversing  the  latter, 
suggest  the  idea  that  they  also  are  nuclear.  If  this  be  so  they 
are  of  large  size  in  comparison  with  the  cells  with  which  thev 
are  associated.  It  is  just  possible  that  some  of  the  canals  open 
on  the  surface  of  this  enigmatic  organ.  In  three  parts  there 
are  distinct  indications  of  such  openings,  but  I  have  not  been 
able  to  determine  the  point  with  certainty. 

The  Oral  Organ. — The  only  structure  remaining  to  be  de- 
scribed is  one  that  is  present  in  four  out  of  the  fourteen  speci- 
mens ;  no  trace  of  it  is  to  be  found  in  any  of  the  others.  In 
two  of  the  four  it  is  well  marked.  In  Figure  3  a  small  process 
can  be  seen  projecting  from  the  oral  opening.  It  is  attached 
to  the  oral  end  of  one  of  the  cellular  bands  on  the  wall  of  the 
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.central  cavity.  In  the  specimen  drawn  in  Figure  3,  the  process 
is  horse-shoe  shaped,  which  is  probably  its  normal  form.  It  it 
very  small — its  relative  size  can  be  judged  from  the  figure  re- 
ferred to,  which  is  five  times  the  size  of  the  original.  The  one 
represented  in  Figure  9  is  a  part  of  the  structure  in  another 
specimen  that  was  stained  and  cut  by  the  freezing  microtome. 
In  this  the  close  part  of  the  horse-shoe  extended  round  one 
quarter  of  the  oral  opening,  that  is,  each  of  the  two  limbs  cor- 
responded in  position  to  one  of  the  cellular  bands  on  the  wall  of 
the  central  cavity.  Unfortunately,  the  section  was  somewhat 
broken,  and  I  am  unable,  amongst  the  broken  parts,  to  deter- 
mine definitely  the  nature  of  one  of  the  limbs,  which  appears  to 
be  somewhat  smaller  than  the  one  figured,  which  has  retained 
its  original  position.  In  one  of  the  four  specimens  in  which 
this  organ  can  be  seen,  the  part  attached  to  the  oral  surface  is 
alone  present,  the  two  limbs  of  the  horse-shoe  either  not  having 
been  developed,  or,  more  likely  still,  they  have  been  knocked 
oft*  by  the  buffeting  of  the  waves  on  the  shore. 

The  general  structure  is  seen  in  Figure  9,  which  represents, 
as  the  section  was  a  thick  one,  a  drawing  of  the  solid  object. 
The  part  attached  to  the  oral  surface  has  the  appearance  of  a 
sernifibrous  gelatinous  band  containing  many  nuclei,  often  ar- 
ranged in  rows  (d).  It  is  apparently  attached  along  its  whole 
length,  but  in  parts  there  are  remarkable  lines  of  nuclei  (e) 
associated  with  structures  that  look  like  special  attachments  to 
the  jelly  around  the  mouth.  When  examining  this  section  under 
the  dissecting  miscroscope,  I  separated  the  greater  part  of  the 
horseshoe  lying  between  the  two  limbs  from  the  oral  margin 
with  comparative  ease,  but  at  each  of  the  points  from  which  the 
limbs  depend  the  attachment  is  a  very  firm  one.  It  will  be 
noticed  that  the  nuclei,  if  such  they  be,  of  the  bands  with  which 
this  horseshoe-shaped  organ  is  connected  are  much  larger  than 
those  of  the  latter. 

The  limb  shows  three  different  parts,  first  a  fibrous  part  (a), 
second  a  gelatinous  part  with  regularly  arranged  nuclei  (b),  and 
third,  a  well-marked  row  of  densely  packed  nuclei  (c),  lying 
along  a  well-marked  track  between  the  first  and  second.  At  the 
spot  marked  N,  the  limb  has  a  decidedly  narrow  neck  where  it  is 
attached  to  the  edge  of  the  oral  opening  (o.m.).     In  this  region 
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there  are  rounded  lumps  of  gelatinous  material  containing  irregu- 
larly arranged  nuclei.  A  more  or  less  definite  line  of  nuclei  (d) 
appears  to  run  along  the  closed  end  of  the  horseshoe,  and  then 
on  to  the  limb.  The  general  appearance  gives  the  impression 
that  a  proliferation  of  cells  is  taking  place  in  the  attached  por- 
tion, and  in  the  neck  region  just  alluded  to,  and  that  the  cells 
thus  formed  are  wandering  on  to  the  limb..  If  this  be  the  case, 
it  is  possible  that  the  organ  is  of  the  nature  of  a  stolon. 

General  Remarks. — It  appears  to  be  impossible  to  indicate  the 
relationships  of  this  curious  organism.  The  marginal  bands  at 
first  call  to  mind  those  of  a  ctenophoran,  and  the  main  central 
and  aboral  canals  in  like  manner  suggest  the  stomodaeal  and  in- 
fundibular canals  respectively,  but  there  is  no  trace  whatever  of 
any  structures  resembling  the  canals  that  arise  from  the  infundi- 
bulum:  there  is  no  sense  organ:  no  nerve  system:  no  con- 
tractile tissue ;  the  marginal  bands  are  entirely  deviod  of  cilia, 
and  if  the  deep  groove  has  any  relation  to  a  tentacle  sheath  it  is 
remarkable  for  its  asymmetrical  development.  The  total  absence 
of  cells  on  the  external  surface  is  an  extraordinary  feature,  nor 
do  the  specimens  convey  the  idea  of  this  being  due  to  accident 
or  bad  state  of  preservation,  as  they  are  all  in  precisely  the  same 
condition,  and,  moreover,  the  cells  of  the  bands  on  the  canal 
wall  and  of  the  oral  and  aboral  organs  are  all  intact. 

Comparison  with  the  members  of  any  other  group  of  animals 
appears  impossible,  and  the  only  hypothesis  as  to  its  significance 
that  I  can  offer  is  one  that  is  suggested  by  the  oral  organ.  In 
connection  with  this  I  have  described  above  what  has  the  ap- 
pearance of  a  proliferation  of  cells  taking  place  on  and  close  to 
the  part  which  is  attached  to  the  oral  margin.  From  this  part, 
also,  it  looks  very  much  as  if  the  cells  were  passing  off  on  to 
the  limb  of  the  organ.  If  this  be  so,  then  it  is  possible  that  the 
latter  is  an  early  stage  in  the  development  of  a  stolon,  and 
that  this  enigmatical  organism  is  a  nurse  form  in  the  life  history 
of  some  animal — but  as  to  what  this  animal  may  be  we  have  at 
present  not  the  slightest  clue. 
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EXPLANATION  OF   PLATES   XXIV.,   XXV. 

Fig.  1. — General  view  from  the  side.  The  lateral  grooTe  it  re- 
presented between  the  marginal  bands  1  and  2.  Marginal 
band  4  is  seen  through  the  transparent  jelly. 

Fig.  2. — A  portion  of  the  aboral  surface  on  a  larger  scale,  to 
show  the  conical  elevation  cut  through  by  the  groove. 
the  upper  part  of  the  main  central  canal  with  its  four 
bands  of  cells,  the  small  aboral  canal  and  the  processes 
forming  the  aboral  organ  close  to  the  opening  of  the 
canal  into  the  groove. 

Fig.  3. — Oral  view.  The  mouth  is  seen  in  the  centre  leading 
directly  into  the  central  canal.  The  numbers  1,  2,  3,  4, 
correspond  in  position  to  the  marginal  bands  seen  from 
the  side  in  Figure  1.  The  downward  growth,  conical  in 
form,  of  the  angle  associated  with  marginal  band  1,  pro- 
duces the  appearance  of  asymmetry  which  is  probably 
also  accentuated  by  irregular  contraction  during  pre- 
servation. 

Fig.  4. — Diagrammatic  transverse  section  across  the  middle  of 
the  body.  The  marginal  bands  are  numbered,  as  in  the 
other  figures.  The  relative  positions  of  the  marginal 
bands,  lateral  groove,  ribbons  of  cells  on  the  walls  of  the 
central  cavity,  and  the  faintly  marked  septa  (?)  are 
shown.  The  latter  are  indistinguishable  in  sections,  and 
only  visible  in  a  few  specimens. 

Fig.  5. — Downward  conical  process  of  one  angle  of  the  oral,  and 
the  oral  end  of  one  lip  of  the  lateral  groove  drawn  on  a 
larger  scale  to  show  the  serrations. 

Fig.  5a. — Portion  of  a  marginal  band  to  show  the  "  cuticle  "  and 
punctated  material  beneath.    (Zeiss  F.  Oc.  2.) 

Fig.  6. — Part  of  one  of  the  four  ribbon-like  bands  of  cells  on  the 
wall  of  the  central  cavity,  together  with  the  surrounding 
cells  lining  the  rest  of  the  cavity.  All  are  extremely  thin, 
the  latter  having  much  more  definite  outline  than  the 
former.     (Zeiss  F.  Oc.  2.) 

Figs.  7  and  8. — Sections  across  the  aboral  organ,  showing  the 
canals  that  traverse  it,  and  the  regular  arrangement  of 
the  nuclei  in  the  jelly  of  which  it  is  formed. 
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Fig.  9. — A  portion  of  the  oral  margin  with  a  part  of  one  limb 
of  the  "  oral  organ/' 


LIST    OF    REFERENCE    LETTERS,    Etc. 

a,  b,  c,  d.     Special  rows  of  cells  associated  with  the  "oral  organ.1 

Al.  1  Main  central  canal. 

Al.  2  Aboral  canal. 

Al.  3  Canals  traversing  the  "aboral  organ." 

B.l.g.  Lip  of  lateral  grove. 

Ct  "Cuticle"  of  marginal  band. 

E.  Nuclei  of  special  cells  for  attachment  of  "aboral  organ. 

61.  1  Ribbon-like  band  of  cells  on  walls  of  central  cavity. 

Gl.  2  Flattened  cells  on  walls  of  central  cavity. 

L.g.  Lateral  grove. 

N.  "  Neck  "  of  "  oral  organ." 

O.  B.  Part  of  "oral. organ"  attached  to  oral  margin." 

O.M.  Margin  of  oral  opening. 

P.  Proliferating  cells. 

Pr.  Solid  processes  of  "aboral  organ." 

Pet.  Punctated  material  of  marginal  band. 

Spt.  Faintly  marked  septum  (?). 


Art.   XVI. — Polyzoa   from   tlie   Gilbert  Islands. 

By   C.   M.   MAPLESTONE. 

(With  Plates  XXVI.-XXVIIL). 
[Read  10th  September,  1908]. 

Some  five  years  ago  the  Rev.  Dr.  Porter,  of  Petersham,  N.S.W., 
sent  me  some  slides  of  Polyzoa  that  he  had  received  from  the 
Gilbert  Islands.  At  that  time  I  was  not  able  to  do  more  than 
make  a  cursory  examination  of  them,  and  I  laid  them  aside. 
Now,  however,  I  have  been  able  to  make  a  thorough  examination 
of  them,  and,  as  would  naturally  be  supposed  from  the  locality 
from  which  they  came,  being  situate  on  the  Equator,  in  longi- 
tude 174  deg.  East,  I  found  that  almost  all  of  them  were  new 
to  science.  Many  of  the  specimens  are  not  in  very  good  condi- 
tion, having  minute  fragments  of  sand,  etc.,  adhering  to  them, 
and  some  of  them  are  in  a  fragmentary  state ;  still  among  them 
I  have  found  many  of  considerable  interest. 

In  addition  to  those  described  below,  there  were  a  specimen  of 
a  Farciminaria  too  much  shrivelled  up  to  identify ;  a  specimen 
of  a  very  slender  form  of  Tubucdlaria  cereoides  less  than  one- 
fourth  the  diameter  of  those  found  upon  this  coast,  but  other- 
wise identical  with  them  ;  a  Retepora  indistinguishable  in  itR 
zooecial  characteristics  from  R.  producta.  Busk.,  recorded  in 
the  "  Challenger  "  Polyzoa  as  from  Tongatabo  and  the  Philip- 
pine Islands  (Gilbert  Islands  are  about  midway  between  these 
places),  but  the  branches  are  free,  not  anastomosing,  and  very 
much  narrower  and  more  delicate  than  those  described  by  Busk ; 
and  a  specimen  of  Schizuporella  recilii,  which,  though  not  ex- 
actly the  same  as  the  form  found  here,  cannot  be  differentiated 
from  it ;  also  specimens  of  Reteporae,y  Critiat,  Lichtnoporae, 
Tubuliporae,  and  other  genera  which  cannot  be  definitely  placed, 
being  more  or  less  imperfect,  and  on  the  slide  containing  the 
Catenaria  are  some  pieces  of  a  Notamia,  but  as  the  dorsal  sur- 
face only  is  visible,  the  species  cannot  be  determined. 
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Catenaria   infundibuliformis,  n.  sp.     (PI.  XXVI.,  Fig.  1). 

Zoarium  free.  Zooecia  tubular  below,  expanded  and  ventricose 
above ;  surface  punctate  with  a  smooth  longitudinal  band  on  the 
dorsal  surface ;  distal  end  smooth,  surmounted  by  4  to  6  spines 
and  two  umbonate  projections.  Thyrostome  orbicular;  oper- 
culum opening  upwards. 

The  specimens  are  entangled  in  a  mass  of  sponge  threads  and 
are  composed  of  single  disconnected  zooecia,  so  that  the  mode  of 
branching  does  not  appear ;  "  a  "  and  "  b  "  are  side  views  of  two 
different  specimens ;  "  c  "  and  "  d,"  front  views  of  two  others ; 
"  d  M  showing  the  operculum. 

Scrupoceltaria  gilbertensis,  n.  sp.    (Plate  XXVL,  Fig.  2). 

Zooecia  6  to  10  in  an  internod«%  elongated.  Thyrosrome 
arched  above,  straight  below ;  surrounded  by  an  elevated  ellip- 
tical area,  in  the  lower  portion  of  which  is  a  slightly  raised  cres- 
centic  punctate  area.  Scutum  suborbipular  with  rounded  boss. 
Three  to  five  spines  above  the  thyrostome.  Lateral  avicularia 
large,  pointing  outwards  and  upwards,  with  a  ligulate  mandible. 

On  the  front  of  the  zooecia,  below  the  elevated  area  there  is  a 
small  umbonate  process,  probably  avicularian,  but  the  specimen 
is  small,  somewhat  imperfect  and  much  covered  with  small  grains 
of  sand,  etc.,  so  that  it  is  difficult  to  make  out  the  details,  but 
sufficient  are  visible  to  show  it  is  a  good  species. 

Meg-apora  gilbertensis,  n.  sp.     (Plate  XXVL,  Fig.  3). 

Zoarium  encrusting.  Zooecia  oval,  with  raised  margins.  Thy- 
rostome arched  above,  straight  below,  with  a  chitinous  rib  sepa- 
rating it  from  the  proximal  membranous  flap ;  a  crenulated 
ridge  extending  from  each  side  of  the  thyrostome  in  a  curve  to 
the  margins,  thence  downwards  to  the  base  enclosing  a  granu- 
lated, slightly  depressed  area  in  which  are  two  large  subcircular 
perforat  ons  (opesia),  in  some  cases  covered  with  an  epitheca. 

This  specimen  is  growing  upon  a  small  red  coral ;  it  much 
resembles  in  appearance  Micopora  coriacea,  owing  to  the  pre- 
sence of  the  two  large  perforations  in  the  front  wall,  but  the 
peculiar  thyrostome  with  a  raised  ridge  separating  the  upper 
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and  lower  parts  of  the  operculum  show  it  to  be  a  Megaporm ;  the 
membranous  covering  of  the  lower  part  is  sometimes  wanting. 
and  shows  an  opening  into  the  interior  of  the  zooecia. 

It  is  worthy  of  note  that  the  other  two  species  of  this  genus 
have  l>een  found  in  high  latitudes  only  ;  M.  ringens.  Busk,  in 
the  Shetland  Islands  (this  species  hap  no  perforations  in  the  front 
wall) ;  M.  hyalina,  Waters,  is  recorded  from  the  Antarctic  re- 
gion among  the  Polyzoa  obtained  on  the  voyage  of  the  "Bel- 
gica."  This  species  has  small  perforations  in  the  front  wall,  and 
also  some  spines.     The  present  specimen  has  no  spines. 

Steganoporella   porteri,  u.  sp.     (PI.  XXV r..  Fig.  4). 

Zoarium  encrusting.  Zooecia  quadrate,  margins  raised. 
Cryptocyst  occupying  about  two-thirds  of  area ;  distal  margin 
curved  and  studded  with  small  tuberosities ;  surface  perforated, 
the  perforations  have  raised  margins  ;  "  tube  "  opening  upwards. 

Locality,  Solomon  Islands. 

I  include  this  species  from  the  Solomon  Islands,  as  it  differs 
very  considerably  from  the  next  species  described,  and  from 
those  described  by  Prof.  Harmer  in  his  revision  of  the  genus 
published  in  the  Quarterly  Journal  of  Microscopical  Science, 
vol.  43,  p..  225,  ff.  The  specimen  is  somewhat  imperfect,  and 
haR  minute  fragments  of  sand,  etc.,  adhering  to  it  which  obscure 
the  surface  of  some  of  the  zooecia.  Only  a  few  show  any  part 
of  the  membranous  outer  wall,  and  one  or  two  of  the  opercula 
are  present.  There  is  no  trace  of  dimorphism  in  the  zooecia. 
The  '*  tube  "  takes  the  form  of  a  cup,  being  constricted  into  a 
narrow  neck  at  a  short  distance  below  the  upper  surface.  The 
perforations  in  the  cryptocyst  are  very  peculiar,  having  raised 
margins,  causing  an  appearance  similar  to  that  of  a  thin  metal 
plate  pierced  with  a  blunt  punch  from  beneath. 

Steganoporella   minuta,  n.  sp.     (PI.  XXVI.,  Fig.  5). 

Zoarium  encrusting.  Zooecia  subhexagonal,  arched  above; 
margins  raised,  very  rugose.  Cryptocyst  granulated,  not  per- 
forated ;  opening  subtriangular,  but  very  irregular  in  shape. 

I  have  placed  this  in  Steganoporella,  as  the  zooecia  have  a 
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similar  structure  to  that  of  the  other  species  of  the  genus.  The 
proximal  margin  of  the  opening  in  the  cryptocyst  is  very  irre- 
gular in  form,  but  in  every  case  the  protruding  portion  shows  an 
incurved  part  in  the  middle,  which  I  consider  represents  an 
imperfectly  developed  "  tube."  The  zooecia  are  very  much 
smaller  than  those  of  any  other  species,  and  the  surface  of  the 
cryptocyst  is  granulated,  not  perforated.  There  is  no  trace  of 
the  membranous  front  wall  in  the  specimen. 

Cribrilina  gilbertensis,  n.  sp.     (PI.  XXVI.,  Fig.  6). 

Zoarium  encrusting.  Zooecia  oval,  ventricose,  with  8  to  12 
transverse  rows  of  minute  globular  elevations.  Thyrostome 
arched  above,  straight  below,  surrounded  with  a  raised  margin 
bearing  seven  long  spines.  On  each  side  of  the  thyrostome 
there  is  a  very  long  acute  avicularium  placed  slightly  above  it, 
extending  and  opening  directly  upwards. 

This  species  resembles  C.  radiata,  but  has  not  the  central 
pore  below  the  thyrostome  of  that  species,  and  it  has  very  long 
avicularia.  It  is  a  very  delicate  form,  and  has  a  glassy-like 
appearance.  In  the  specimen  from  which  the  figure  is  drawn 
only  the  bases  of  the  spines  round  the  thryrostome  are  present, 
but  in  another  specimen,  which  otherwise  is  somewhat  imperfect, 
they  are  shown  as  delicate  spines  almost  as  long  as  the  avicularia. 

Lepralia  trispinosa,  n.  sp.     (PI.  XXVI.,  Fig.  7). 

Zoarium  encrusting.  Zooecia  oval  or  pyriform,  ventricose  ; 
surface  slightly  granulated.  Thyrostome  arched  above,  straight 
below,  with  three  long  spines  above.  An  acute  avicularium 
with  a  slightly  curved  mandible  on  the  proximal  margin  of  the 
thyrostome. 

A  small,  delicate  species.  The  three  long  spines  and  the  oral 
avicularium  distinguish  this  species  from  others. 

Hiantopora  corniculata,  n.  sp.     (Plate  XXVI.,  Fig.  8). 

Zoarium  encrusting.  Zooecia  totally  immersed  and  unde- 
fined ;  surface  rugose,  with  irregularly  shaped  perforations. 
Long  ligulate  avicularia  scattered  about,  and  also  some  small, 
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very  acute  ones.    Thyrostome  orbicular,  margins  slightly  : 
a  long  truncated,  upright  process  on  one  side. 

The  long  upright  truncated  processes  are  not  only  on  the  edge 
of  the  thyrostome8,  but  occasionally  are  present  on  other  por- 
tions of  the  surface  of  the  zoarium.  Fig.  8a  gives  a  side  view, 
and  Fig.  8b  is  drawn  looking  down  straight  upon  the  specimen, 
and  shows  the  flat  tops  of  the  processes,  one  of  which  is  on  the 
surface  of  the  zoarium,  at  a  distance  from  the  thyrostomes.  In 
many  of  the  zooecia  the  perforations  are  much  more  numerous 
than  in  those  figured,  making  the  surface  cribriform. 

Hiantopora  corrugata,  n.  sp.    (PI.  XX VII.,  Fig.  9). 

Zoarium  encrusting.  Zooecia  oval,  ventricose,  immersed ; 
surface  with  irregularly  shaped  hollows  and  pores,  sometimes 
radiating  from  the  thyrostome.  Thyrostome  arched  above, 
curved  below,  with  a  raised  margin. 

The  surface  very  irregularly  cribriform,  in  many  instances  it 
consists  of  raised  narrow  ribs  with  deep  hollows  and  pores 
between.  The  proximal  lip  of  the  thyrostome  is  often  elevated 
into  an  umbo. 


Microporella   irregularis,  n.  sp.      (PL  XXVIL,  Fig.  10). 

Zoarium  encrusting.  Zooecia  quadrate,  but  very  irregular  in 
shape;  surface  very  minutely  mamillated,  sometimes  quite 
smooth.  Thyrostonie  arched  above,  straight  below ;  a  reniform 
covered  opening  below  it.  Ooecium  globular,  smooth,  with  semi- 
circular opening  and  operculum. 

This  is  near  M.  malusii,  but  differs  from  it  in  the  smooth 
ooecium  and  mam  i  Hi  form  surface.  One  of  the  zooecia  has  a  row 
of  minute  marnillae  near  the  distal  end.  The  specimen  is  a  very 
small  one  upon  which  to  found  a  new  species,  but  I  thought 
it  worthy  of  a  place  in  this  paper  on  account  of  the  peculiar 
abnormality  shown  ;  the  ooecium  on  the  left  side  of  the  specimen 
(as  figured)  I  consider  to  be  the  normal  form ;  the  other,  which 
is  apparently  common  to  two  zooecia,  is  mis-shapen,  has  no 
operculum,  and  the  zooecia  adjacent  to  it  do  not  appear  to  have 
any  thyrostomes. 
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Micr-oporella  falcifera,  n.  sp.    (PI.  XXVIL,  Fig".  11). 

Zoarium  encrusting.  Zooecia  immersed,  oval,  elongate,  ven- 
tricose;  surface  rugose,  with  small  pores  and  rounded  depres- 
sions, sometimes  in  linear  series  round  the  margins.  A  minute 
pore  with  a  raised  border  in  the  centre  of  the  zooecium.  Thy- 
rostome  arched  above,  straight  below,  with  slightly  raised  mar- 
gins ;  an  acute  avicularium  below  proximal  border,  and  one,  or 
more,  on  the  surface  of  the  zooecium,  some  of  them  very  small, 
with  very  acute  mandibles.  Large  vicarious  avicularia  with  long 
curved  mandibles  and  a  large  pore,  always  situated  on  the  in- 
curved side  of  the  mandible,  scattered  about  the  zoarium. 

The  chief  peculiarity  of  this  species  is  the  very  large  vicarious 
avicularium,  with  a  long,  acute,  curved  mandible  and  the  pre- 
sence of  a  large  round  pore  in  the  surface  of  the  cell. 


Schizoporella  ensifera,  n.  sp.     (PI.  XXVIL,  Fig.  12). 

Zoarium  encrusting.  Zooecia  irregularly  orbicular  or  oval ; 
surface  uneven  and  crystalline  in  appearance.  Thyrostome 
rounded,  with  a  shallow  sinus  in  proximal  margin ;  three  spines 
on  distal  border ;  two  slightly  curved  ridges  below,  enclosing  a 
slightly  depressed  subtriangular  area.  In  some  of  the  zooecia 
one  of  these  ridges  is  replaced  by  a  long  falciform  avicularium. 
Ooecium  orbicular,  contracted  proximally ;  distal  portion  punc- 
tate. 

A  very  small,  delicate,  glassy-looking  species.  The  zooecia 
are  very  irregularly  grouped. 

Schizoporella   perlata,  n.  sp.     (PI.  XXVIL,  Fig.  13). 

Zoarium  encrusting,  robust.  Zooecia  elongated,  oval ;  surface 
smooth,  with  small  annular  dark  markings.  Thyrostome 
orbicular  with  raised  margins  ;  a  very  shallow  sinus  proximally ; 
a  small  avicularium  with  a  triangular  mandible  just  below  or  to 
one  side. 

A  very  distinct  species ;  on  one  of  the  zooecia  figured  there  is 
an  apparently  imperfect  avicularium  just  below  the  middle. 
The  surf  ate  is  covered  with  small,  annular,  dark  marking 
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a  lighter-coloured  centre,  evidently  being  the  epitheca  covering 
pores  in  the  calcified  wall  of  the  zooecia. 

Schizoporella   nitida,  n.  sp.     (PI.  XXVir.,  Fig.   14). 

Zoarium  encrusting.  Zooecia  oval,  ventricose ;  surface 
smooth,  with  slightly  elevated  ridges  radiating  towards  the 
centre.  Thyrostoine  with  raised  margin,  arched  above,  straight 
below,  with  a  deep,  narrow  sinus  in  the  lower  lip  ;  a  very  small 
avicularium  close  to  the  margin  on  one  side.  A  few  large 
v" carious  avicularia,  with  spatulate  mandibles  scattered  about 
the  zoarium. 

A  neat,  small-celled  form.  The  vicarious  avicularia  are 
characteristic  of  this  species. 

Schizoporella  granulata,  n.  sp.      (PI.  XXVII.,  Fig.   15). 

Zoarium  encrusting.  Zooecia  irregularly  quadrate  or  oval  ; 
surface  granulated  or  pitted ;  a  raised  line  between  the  zooecia. 
Thyrostome  with  raised  margins,  orbicular,  with  a  deep  sinus 
in  the  lower  lip.  A  small  subtriangular  avicularium  below  the 
thyrostome  near  the  middle  of  the  zooecia,  pointing  either 
vertically  or  transversely. 

This  is  near  S.  triangular,  Hincks  and  S.  pachnoides,  McG., 
but  I  think  distinct  :  the  avicularium  is  very  much  smaller,  and 
is  sometimes  placed  transversely. 

Schizoporella   porifera,  n.  sp.     (PI.  XXVII.,  Fig.  16). 

Zoarium  encrusting.  Zooecia  ovoid,  ventricose ;  surface 
covered  with  minute  circular  pores.  Thyrostonie  subtriangular, 
with  raised  margins,  arched  above,  with  a  deep  sinus  in  the 
proximal  margin.  An  acute  avicularium  on  one  side  close  to 
the  margin  of  the  thyrostome  in  most  of  the  zooecia,  varying, 
however,  in  size,  and  also  in  direction. 

Schizoporella   perarmata,  n.  sp.     (PI.  XXVI].,   Fig.   17). 

Zoarium  encrusting.  Zooecia  elongate,  quadrate ;  surface 
much  depressed,  perforated  with   small   round  pores  ;    margins 
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very  high,  rugose,  with  small  oval  avicularia  scattered  about 
upon  them.  Thyrostome  orbicular,  with  raised  margins ;  a 
wide,  deep  sinus  on  the  proximal  margin. 

This  is  a  very  peculiar  form.  The  zooecia  are  bounded  by 
high,  rugose,  marginal  edges,  on  which  are  scattered  a  great 
number  of  small  oval  avicularia,  giving  it  a  very  unique  appear- 
ance ;  similar  avicularia  are  present  on  the  surface  of  most  of 
the  zooecia  in  the  distal  part  on  each  side  of  the  thyrostome. 

Pollaploecium,  n.  gen. 

Zoarium  free,  dichotomously  branched ;  branches  consisting 
of  internodes,  joined  by  corneous  tubes.  Internodes  composed 
of  six  to  ten  zooecia,  united  on  their  dorsal  surfaces,  facing  all 
ways.    Thyrostome  with  a  sinus  on  proximal  lip. 

This  genus  is  near  Diploecium,  Kirkpatrick  (recorded  from 
Mauritius),  but  differs  therefrom  chiefly  by  the  internodes  being 
composed  of  six  to  ten  zooecia,  whereas  in  Z>.  simplex  (the  only 
species)  there  are  only  two  in  an  internode  placed  back  to 
back  ;  the  ooecia  also  are  different. 

Pollaploecium  gilbertensis,  n.  sp.    (PI.  XX VIII.,  Fig.  18). 

Zooecia  oval  or  pyriform,  ventricose ;  surface  minutely  punc- 
tate ;  bordered  by  narrow,  raised  lines.  Thyrostome  arched 
above,  straight  below,  with  a  deep  sinus  in  the  middle.  Ooecia 
globose. 

This  is  the  most  interesting  species  in  the  collection.  As 
noted  above,  this  is  near  D.  simplex,  and  I  would  have  placed 
it  in  the  same  genus,  but  the  number  of  zooecia  in  an  internode 
is  made  a  generic  distinction  by  Kirkpatrick.  The  ooecia  are 
placed  above  the  zooecia,  and  are  continuous  with  them,  only 
a  slight  suture  showing  the  line  of  demarcation  between  them. 

Mucronella  umbonata,  n.  sp.     (PI.  XXVIII.,  Fig.  19). 

Zoarium  encrusting.  Zooecia  immersed,  area  undefined ; 
surface  with  stellate  and  irregularly-shaped  pores.  Thyrostome 
orbicular.  Peristome  much  elevated,  with  a  straight,  narrow, 
deep  notch  in  the  side  ;  one  side  of  which  is  more  or  less  raised 
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into  a  prominent  umbo.    Ooecium  oval,  raited  above  the  surface 
of  the  zoarium,  with  a  triangular  opening  on  the  summit. 

The  form  of  the  peristome  in  this  species  is  very  various,  but 
the  narrow,  slit-like  notch  is  always  present,  though  not  always 
in  the  same  position,  and  the  raised  umbo  is  in  most  oases  very 
much  more  prominent  than  shown  in  the  figure,  but,  aa  in 
them,  the  thyrostome  is  consequently  almost  hidden,  so  the 
figure  was  drawn  from  that  portion  of  the  zoarium  bearing  the 
only  ooecium  present  on  the  specimen. 

Mucronella   rugata,  n.  sp.     (PI.  XXVIIL,  Fig.  20). 

Zoarium  encrusting.  Zooecia  elongated ;  surface  very  rugose, 
covered  with  irregular,  rough  elevations.  Thyrostome  orbicular, 
with  a  prominent  quadrate  mucro  in  the  proximal  margin. 
Occasionally  a  very  large  avicularium,  with  a  long,  acute  man- 
dible, on  one  side  of  the  zooecia,  pointing  horizontally.  Mar- 
ginal zooecia  furnished  with  five  slender  spines  on  the  edge  of 
the  thyrostome.  Ooecium  orbicular,  somewhat  flattened,  with 
a  round  umbo  in  the  centre  and  others  round  the  margin  and  on 
the  sufrace. 

A  very  rugose  species,  \yith  age  the  spines  seen  on  the 
marginal  zooecia  disappear. 

Cellepora  crenulata,  n.  sp.     (PI.  XXVITL,  Fig.  21). 

Zoarium  encrusting.  Zooecia  orbicular  or  cylindrical,  closely 
crowded  together  so  that  only  the  upper  or  distal  surface  is 
visible.  This  surface  is  covered  with  irregularly  shaped  mamil- 
lations,  mostly  radially  arranged.  Thyrostome  orbicular,  margin 
slightly  raised  and  crenate.  A  few  large  wedge-shaped  avicularia 
scattered  about  the  zoarium. 

The  mandible  of  the  avicularium  is  wedge-shaped  and  longi- 
tudinally ribbed,  a  very  uncommon  shape. 

EXPLANATION     OF     PLATES     XXVL-XXV11I. 

Fig.     1. — Catenaria  iiifuiiclibulifonnis.      x  36. 
„       2. — Scrupoct-llaria  gilbertensis.      x  50. 
„       3. — Megapora  gilbertensis.      x  2o.     3a  x  30. 
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Art  XVII. — Description  of  a  New  Species  of 
Peripatoides  from    West   Austrul'ui. 

By    BALDWIN    SPENCER,    M.A.,    C.M.G.,    F.R.S., 

Professor  of  Biology  in  the  University  of  Melbourne. 

[Bead  10th  September.  1908.] 

In  March,  1907,  Mr.  H.  M.  Giles  found  in  West  Australia  two 
specimens  of  a  species  of  Peripatoides  distinct  from  P.  leuckarti 
var.  orcidtntalis,  the  only  one  hitherto  known  from  that  part  of 
the  continent.  It  is  evidently  of  rare  occurrence,  as  Mr.  Giles, 
though  constantly  on  the  lookout,  has  only  recently  succeeded 
in  securing  more  specimens.  In  this  instance  he  found  three 
adults  and  four  young  ones,  but,  unfortunately,  though  two 
adults  reached  Melbourne  safely,  one  adult  and  the  young  ones 
completely  perished.  The  four  adult  individuals  serve,  howevei, 
to  establish  the  existence  of  this  second  species  in  West  Aus- 
tralia, and  I  have  much  pleasure  in  associating  with  it  the  name 
of  its  finder,  who  has  devoted  much  time  to  the  search.  It  ma) 
be  described  as  follows :  — 

Peripataide*  gilesii*  sp.  n. 

Size  of  Body. — Three  female  specimens  measure  respectively 
22  mm.,  25  mm.  and  27  mm.     One  male  measures  25  mm. 

Colour. — The  general  body  colour  is  dull  gieenish,  yellow  or 
reddish  brown.  There  is  no  set  pattern,  but  each  specimen  has 
a  narrow,  darker  band  down  the  mid  dorsal  line,  with  a  median 
very  thin  light  line— so  thin  as  only  to  be  visible  with  the  aid 
of  a  lens.  It  is  not  nearly  so  well  marked  as  in  the  specimen 
of  P.  1eucl-artii%  figured  by  Bouvier,1  and  closely  resembles  that 
in  Ooperipatux  insignia.  On  each  side  of  the  body  there  is  a 
broad,  lighter  band  just  above  the  level  of  the  le^s.     The  whole 


1  Ann.  des  Sci.  Nat.,  Uth  series,  tome  ii.,  ItWft.  This  is  called  /'.  oriental**,  by  Bouvier, 
pi.  xi.  The  neareat  approach  amount  till  those  figured  by  Bouvier  to  the  skin  of 
/».  giUfii  is  that  of  P.  eiteni,  pi.  4,  fljf.  31. 
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under  surface  of  the  body  and  of  the  feet  is  devoid  of  pigment 
save  for  insignificant  speckles  scarcely  visible  without  a  lens. 

The  whole  surface  is  thrown  into  a  number  of  transverse 
ridges,  ornamented,  as  usual,  by  papillae,  of  which  two  varieties 
are  present — (1)  a  smaller,  and  (2)  a  larger.  The  former  is 
usually  black,  the  latter  has  a  terminal  black  part  (the  equiva- 
lent in  size  of  the  whole  of  the  smaller  kind),  with  a  lighter 
basal  part  surrounded  by  a  light  yellowish  patch  of  skin.  Each 
of  the  larger  papillae  terminates  in  a  minute  colourless  spine 
which  is  apparently  wanting  on  the  smaller  ones. 

The  general  colour  of  the  body  is  affected,  to  a  large  extent, 
by  that  of  the  papillae.  In  the  greenish  coloured  specimens  they 
are  always  black,  but  in  the  brownish  ones  the  great  majority 
of  them  are  chestnut-brown  in  colour.  In  all  cases  the  rings  are 
continuous  across  the  mid  dorsal  surface,  though  they  are 
crossed  one  after  the  other  by  the  thin  median  light  line,  which, 
however,  in  no  way  affects  the  continuity  of  the  ridge,  and  may 
occasionally  be  quite  wanting,  a  dark  papilla  then  occupying 
the  very  middle  line.  The  papillae  throughout  are  arranged  in  a 
single  line  on  each  ridge.  There  appear  to  be  always  seven 
ridges  running  between  each  successive  pair  of  legs. 

Ambulatory  Appendages. — The  claw-bearing  legs  are  sixteen 
in  number,1  the  first  and  last  being  somewhat  smaller  than  the 
others.  Each  has  three  spinous  pads  and  about  eight  or  nine 
rings  of  papillae,  which  contain  only  a  very  minute  amount  of 
pigment  on  the  ventral  side  of  the  leg.  On  the  proximal  side 
of  the  first  of  the  rings,  that  is,  just  where  the  leg  joins  the 
body,  there  is  a  small  but  very  distinct  round  opening  bordered 
by  a  circle  of  papillae,  containing  more  pigment  than  those  else- 
where on  the  ventral  surface.  This  indicates  the  position  of 
the  external  opening  of  the  nephridium,  and  can  be  seen  on 
every  leg  except  the  first  and  last  pairs,  though  most  noticeable 
in  the  middle  and  hinder  parts  of  the  body.  In  front  of  seg- 
ment five  or  six  it  becomes  smaller  and  more  slit-like. 


1  As  an  abnormality  one  specimen  has  flf'een  legs  on  the  left  aide  and  sixteen  on  the 
right.  The  pairs  are  quite  regular  as  far  back  as  the  thirteenth.  The  sixteenth  pair  is 
normal  on  each  side,  but  the  one  between  this  and  the  thirteenth  on  the  left  side  is 
opposite  the  middle  of  the  internal  between  the  fourteenth  and  fifteenth  legs  of  the 
right  side. 
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Crural  Glands. — In  one  of  the  four  specimens  each  of  the 
legs,  6-14,  carries  a  definite,  small  white  glandular  patch  placed 
on  the  distal  side  of  the  uephridial  opening,  and  always  sepa- 
rated from  the  latter  by  two  rings  of  papillae.  These,  presum- 
ably, indicate  the  openings  of  crural  glands,  but  I  can  see  no 
trace  of  them  on  the  two  last  pairs  of  legs,  nor  in  the  region  of 
the  reproductive  opening.  Their  presence  indicates  the  fact  that 
this  one  specimen  is  a  male  and  the  three  others  females.  In 
the  latter  there  is  no  trace  of  any  ovipositor,  and  in  both  males 
and  females  the  generative  opening  lies  between  the  base  of  the 
last  pair  of  legs. 

Jaws. — The  first  jaw  is  simple  in  all  the  specimens,  there 
being  no  trace  of  any  accessory  tooth.  The  second  jaw  has  four 
clearly-marked  and  one  minute  accessory  tooth. 

The  number  of  the  legs,  together  with  the  structure  of  the 
jaws,  serves  to  distinguish  this  species  from  all  other  Austral- 
asian species  of  either  of  the  genera,  Peripatoides  or  Ooperi- 
patus. 

Locality. — Armadale,  near  Perth,  West  Australia.  Collected 
by  Mr.  H.  M.  Giles. 


Art.    XVIII. — Obsidianites — Their    Origin  from  a 
Chemical  Standpoint. 

By    H.    S.    SUMMERS,    MSc. 

(Government  Science  Research  Scholar,  Geological  Laboratory, 
University  of  Melbourne). 

[Read  8th  October,  1908]. 

This  paper  is  written  in  order  to  bring  together  the  various 
analyses  which  have  been  made  of  obsidianites  and  allied  sub- 
stances, and  an  attempt  is  made  to  show  what  bearing  the 
chemical  composition  has  on  the  various  hypotheses  that  have 
been  advanced  to  account  for  the  origin  of  these  interesting 
objects.  There  is  no  necessity  for  any  description  of  form,  or 
mode  of  occurrence,  of  obsidianites,  as  this  part  of  the  subject 
has  been  exhaustively  treated  by  Mr.  Walcott,1  who  also  gives 
numerous  illustrations  of  the  different  types  found. 

Chemical  Composition. 

In  searching  through  the  literature  on  obsidianites,  I  have 
only  succeeded  in  finding  the  records  of  seven  complete  analyses, 
and  one  of  these,  that  of  a  Victorian  specimen,  published  in  the 
Melbourne  Exhibition  Catalogue,  1866,  and  quoted  by  Mr. 
Walcott,  is  much  too  inaccurate  for  purposes  of  classification, 
and  is  omitted  from  the  following  table  of  analyses.  Mr. 
Walcott  kindly  supplied  me  with  a  broken  obsidianite  from  near 
Mt.  Elephant,  Victoria,  and  this  has  been  carefully  analysed  by 
Mr.  G.  Ampt,  B.Sc,  in  the  Chemical  Laboratory  of  the  Uni- 
versity. Mr.  Ampt  has  also  analysed  the  material  of  three  small 
buttons  from  near  Hamilton,  Victoria.  These  specimens  were 
obtained  for  me  by  Professor  Spencer,  through  Mr.  C.  French. 
A  third  analysis  has  been  made  by  Mr.  Ampt  of  a  button  from 
Lake  Eyre  District,  South  Australia.     This  button  was  one  of 

1  Prw.  Roy.  8oo.  Victoria,  vol.  xi.,  n.s.,  pt  I.,  1898.  . 
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Fig.     4. — Steganoporella  ported.      x  25. 

5. —  „  minuta.      x  25. 

6. — Cribrilina  gilbertensis.      x  50. 

7. — Lepralia  trispinosa.      x  25.     7a  x  50. 

8. — Hiantopora  corniculata.      x  25. 

9. —         „  corrugata.      x  25. 

10. — Microporella  irregularis.      x  25. 
11. —         „  falcifera.      x  25. 

1 2.  — Schizoporella  ensif era.      x  36. 
13. —         „  per  lata.      x  25. 

14.  —         „  nitida.      x  25. 

15. —         „  granulata.      x  25. 

16. —         „  perifera.      x  25. 

17. —         „  perarmata.      x  25. 

18. — Pollaploecium  gilbertensis.      x  12.     18a  x  36. 
19. — Mucronella  umbonata.       x  25. 
20. —         „  rugata.      x  25. 

21. — Cellepora  crenulata.      x  25. 


APPENDIX. 

Change  of  name  of  new  species  of  Polyzoa  (Idmonea  fasciculata ). 

The  name  "  angustata  "  given  to  a  species  of  Idmonea  described 
by  me  in  Part  X.  of  "Further  descriptions  of  the  Tertiary 
Polyzoa  of  Victoria,"  on  page  234,  vol.  xxi.  (new  series),  pt.  i.,  is, 
I  find,  preoccupied ;  I  therefore  substitute  for  it  the  name 
"fasciculata." 

Line  21,  page  234,  should  read  "Idmonea  fasciculata,  n.s. 
(PI.  VII.,  Fig.  6)." 

C.    M.    Maplbstonr. 

29/12/08. 
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V. — Obsidianite  from  near  Coolgardie,  Western  Australia. 
Analysed  by  A.  Hall,  1907. — Records  of  the  Geol.  Survey  of 
Victoria,  Vol.  II.,  Part  4,  1908,  p.  205. 

VI. — Obsidianite  from  near  Kalgoorlie,  Western  Australia. 
Analysed  by  E.  S.  Simpson,  1902. — West  Aust.  Geol.  Survey. 
Bulletin  No.  6,  1902,  p.  79. 

VII. — Obsidianite  from  near  Uralla,  New  South  Wales.  Ana- 
lysed by  J.  C.  H.  Mingaye,  1897.  Proc.  Roy.  Soc.  of  Victoria, 
Vol.  XL,  N.S.,  Parti.,  p." 30. 

VIII. — Obsidianite  from  the  Upper  Weld,  Tasmania.  Analysed 
by  W.  F.  Hillebrand,  1905. — Report  of  the  Secretary  for  Mines, 
Tasmania,  for  1905,  p.  21. 

IX. — Obsidianite  from  Pieman,  Tasmania.  Analysed  by  W. 
F.  Hillebrand,  1905. — Report  of  the  Secretary  for  Mines,  Tas- 
mania, for  1905,  p.  21. 

By  dividing  the  percentages  by  the  molecular  weights  of  the 
oxides  the  molecular  proportions  of  the  principal  constituents  are 
obtained,  as  under  :  — 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

SiO,    - 

1.207 

1.271 

1.295 

1.187 

1.177 

1.194 

1.078 

1.163 

1.227 

A1A- 

.129 

.111 

.098 

.133 

.132 

.117 

.165 

.147 

.121 

FeA- 

.003 

.002 

.002 

.005 

.005 

.006 

.041 

.003 

.002 

FeO    - 

.062 

.0o4 

.052 

.074 

.062 

(.071) 

.014 

.065 

.053 

MgO   - 

.047 

.037 

.040 

.060 

.061 

.052 

.062 

.062 

.045 

CaO    - 

.057 

.046 

.043 

.063 

.055 

.054 

.069 

.057 

.067 

Na,0  - 

.025 

.020 

.021 

.024 

.021 

.028 

.021 

.017 

K.6     - 

.020 

.019 

.021 

.024 

.024 

.026 

.043 

.027 

.021 

TiOa    - 

.009 

.008 

.011 

.011 

.010 

.009 

MnO  - 

.001 

.001 

.004 

.006 

.002 

.003 

.003 

.002 

The  classification  of  the  analysis  of  the  obsidianite  from  near 
Mount  Elephant  may  be  given  as  an  example  of  the  method 
used.  The  molecules  in  their  right  proportions  are  distributed 
among  the  "  normative  "  minerals  with  the  following  result  : — 


Obndianites. 
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-  1.207  - 

120  - 

150  - 

114  - 

Ala08- 

-     .129  - 

20  - 

25  - 

57  - 

FeA- 
FeO   - 

-  .003  - 

-  .062  - 

- 

- 

- 
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3 

MgO  - 

CaO   - 

-  .047  - 

-  .057  - 

- 

- 

57  - 

Na,0- 
KaO   - 

TiO,  - 

-  .025  - 

-  .020  - 

-  .009  - 

20  - 

25  - 

- 

9     • 

MnO  - 

-     .001  - 

- 

- 

. 
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I    1    ! 

8       8        3 

98    -  -  725 

-    27    - 

50    - 
47    - 


1    - 

Reducing  the  foregoing  results  to  percentages,  we  obtain  the 
"  Norm."  or  "  standard  mineral  composition." 

Mineral. 

Quartz  =      .725 

Orthoclase  =  .020 
Albite  =      .025 

Anorthite  =  .057 
Corundum       =      .027 

.047 

.051 
Ilmenite  =      .009 

Magnetite       «      .003 

The  "salic"  minerals,  i.e.,  the  quartz,  felspar  and  corundum 
total  86.3,  and  the  "femic"  minerals,  i.e.,  the  ferro-niagnesian 
minerals  and  iron  oxides  total  13.5.  In  the  same  way  the  norms 
of  the  other  obsidianites  may  be  calculated,  the  results  being  as 
follows  : — 

NORMS. 


(  C 
Hypersthene  =  \  *r 


Norm. 

x     60     - 

43.5 

x  556     = 

11.1 

x  524     = 

13.1 

x  278     = 

15.8 

x   102     = 

2.8 

x   100  1 
x   132  f  " 

11.4 

x   152     = 

1.4 

x   232     = 

.7 

Minerals. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

Quartz 

43.5 

51.8 

52.7 

38.4 

41.0 

38.6 

37.2 

38.8 

46.6 

Orthoclase- 

11.1 

10.6 

11.7 

13.3 

13.4 

14.5 

23.9 

15.0 

11.8 

Albite 

13.1 

10.5 

11.0 

12.6 

11.0 

14.7 

11.0 

8.9 

Anorthite 

15.8 

12.8 

12.0 

17.5 

15.3 

15.0 

19.2 

15.9 

18.6 

Corundum- 

2.8 

2.7 

1.3 

2.3 

3.3 

.9 

5.4 

4.3 

1.6 

Hypersthene 

11.4 

9.5 

9.1 

15.6 

13.0 

14.0 

6.2 

13.4 

10.3 

Magnetite  - 

.7 

.5 

.4 

1.2 

1.1 

1.4 

3.9 

.7 

.4 

Ilmenite    - 

1.4 

1.2 

1.7 

1.7 

1.5 

1.4 

Hematite  - 

3.8 
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Having  calculated  the  norm.,  the  next  step  is  to  classify  each 
analysis.  The  classification  of  the  analysis  of  the  Mt.  Elephant 
example  is  obtained  in  the  following  manner: — 

Sal. 
Fein". 


86.3     7     5 
13.5     1*5 


=  Class  II.  Dosalane 


Quartz 


43.5     5     3 
4O0     3>5 


Felspar 

K.O  +  NaaO     45 


=  Order  III.  Quarfelic  — Hispanare 


.5^  3 


^  ^  ^»<^>^=Ran^-  HI.  Alkali-calcic — Almerase 

CaO  57     3     5  * 


Na^O5 


20     5     3 
25     3>5 


=  Sub-rang.  III.  Sodi-potassic — Al  me  rose 


No. 


In  a  similar  manner  the  classification  of  the  other  analyses  is 
worked  out,  and  a  table  is  given  showing  the  subdivisions  to 
which  each  belongs. 


0LA88. 


I.    -  II.  Dorsalane 

II.    -    I.  Persalane 

III.    -    I.  Persalane 

IV.    -  II.  Dorsalane 

V.    -  II.  Dorsalane 

VI.    -  II.  Dorsalane 

VII.  -  II.  Dorsalane 

VIII.  II.  Dorsalane 

IX.  -    I.  Persalane 


Order. 

III.  Quarfelic 

Hispanare 
III.  Quarfelic 

Columbare 
III.  Quarfelic 

Columbare 
III.  Quarfelic 

Hispanare 
III.  Quarfelic 

Hispanare 
III.  Quarfelic 

Hispanare 
III.  Quarfelic 

Hispanare 
III.  Quarfelic 

Hispanare 
III.  Quarfelic 

Columbare 


Bang. 

III.  Alkali-calcic 

Almerase 
III.  Alkali-calcic 

Riesenase 
III.  Alkali-calcic 

Riesenase 
III.  Alkali-calcic 

Almerase 
III.  Alkali-calcic 

Almerase 
III.  Alkali-calcic 

Almerase 
III.  Alkali-calcic 

Almerase 
III.  Alkali-calcic 

Almerose 
III.  Alkali-calcic 

(Piemanase) 


Sub-rang. 

III.  Sodi-potassic 

Almerose 
III.  Sodi-potassic 

Riesenose 
III.  Sodi-potassic 

Riesenose 
III.  Sodi-potassic 

Almerose 
III.  Sodi-potassic 

Almerose 
III.  Sodi-potassic 

Almerose 
I.  Perpotassic 

(Urallaose) 
III.  Sodi-potassic 

Almerose 
III.  Sodi-potassic 

(Piemanose) 


To  those  unacquainted  with  this  system  of  classification  the 
subdi visional  names  can  convey  no  meaning  unless  the  positions 
of  these  subdivisions  are  known,  and  therefore  I  include  a  table 
of  portions  of  Classes  I.  and  II.  The  small  numbers  in  brackets 
indicate  the  number  of  high-class  analyses  of  terrestrial  igneous 


Obsidianites 


429 


rocks,  published  by  Washington,1  in  each  subdivision.  Some 
of  the  analyses  fall  into  subdivisions,  to  which  no  name  has 
been  given  by  the  authors  of  the  system,  and  when  this  is  the 
case,  I  have  suggested  names,  chiefly  for  convenience  in  refer- 
ence, and  these  names  have  been  placed  in  brackets.  In  the 
complete  classification  there  are  five  classes  in  all,  and  Classes 
I.  and  II.  each  have  nine  orders.  All  the  rangs  and  sub-rangs 
into  which  Orders  II.,  III.  and  IV.  of  Classes  I.  and  II.  are  sub- 
divided, are  shown  in  the  tables :  — 


Class   I.  — Prrsalane. 
Order      II.  Bklgabe      (13)         III.  Columbark  (125)      IV.  Britannark  (378) 


Bang. 

I.     ALA8KA8E             -  (47) 

I.  Lipakask  - 

(110) 

Sub- rang. 
Sub-rang. 
Sub-rang. 
Sub-rang. 
Sub-rang. 

i.           *         (i) 

ii.  Mngdebiirgo8e(9) 
iii.  AlaskoBe      -  (31) 
iv.               x           (3) 

v.  Westphalose   (3) 

i.  Lebachose 

ii.  Omeo8e 
iii.  Liparose 
iv.  Kallerudosc 

v.  Noyangose 

•    (3) 

-  (») 
-(78) 

!  -  (12) 

-  (8) 

Bang.           I.  Daroasb 

-(6) 

II.    AL8BACHA8K     -(51) 

II.  Toncana8E 

(191) 

Sub-rang.      ii.              x              (2) 

i.     -         -        - 
ii.  Mibalose       -    (6) 
iii.  Tehaino8e     -  (25) 
iv.  Al&bachose    (16) 

v.  Yukonose     -    (4) 

i. 

ii.  Dellenose 
iii.  Toscanose 
iv.  Laa*enose 

v.  Mariposose 

-  («j 
(109) 
-(73) 

-  (3) 

Bang.           II.  (Moldavase) 

(5) 

III.  Birbenase       (26) 

III.  Colorada8E 

-(75) 

Sub-rang.      ii.              x 
Sub-ran^.  \  ... 
Sub-rang.  )  m'             x 

(3) 
(1) 
(1) 

i.               -         - 
ii.               x           (7) 
iii.  Ritsenoae      -  (11) 
iv.                x            (5) 
v.  Yulcanose     -    (3) 

i. 

ii.               *             (0> 
iii.  Amiatoee      -  (17) 
iv.  Yellowstonoge  (56) 

v.  Amadoroee   -    (2) 

Bang.           III.  (Budweisake) 

(1) 

IV.  (Piemanask)     (1) 

IV.                  x 

(2) 

Sub-rang.       i.  (Bmlweisose) 
Sub-rang.      ii.      - 
Sub-rang.     iii. 

(1) 

i.               x           (0) 
ii.  (IHemtinose)     (1) 
iii.    - 

i. 

ii.     - 
iii.               x 

(2) 

Bang. 


Note. — An  x  indicates  that  analyse*  aw  known  which  belong  to  this  division, 
but  that  no  name  is  suggested  by  the  authors. 
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Okdrr        II. 


Rang. 

Sub-rang. 
Sub-rang. 
Sub-rang. 
Sub-rang. 
Sub-rang. 

Bang.  J 

Sub-rang.  ) 
Sub-rang.  ) 
Sub-rang. 
Sub-rang.  } 
Sub-rang.  > 

Bang. 

Sub-rang.  } 
Sub-rang.  ) 
Sub-rang. 
Sub-rang.  \ 
Sub-rang.  > 

Bang. 

Sub-rang. 
Sub-rang. 
Sub-rang. 

Bang. 


11. 
iii. 


II. 


u. 
iii. 


III. 

i. 
ii. 
iii. 


CLA88     1 1. — D08ALANB. 
(0)     III.  Hispanare  -  (15)     IV.  Aubtrarb        -(241) 


IV. 


1.  x 

ii.    - 
iii.  x 


I.  Varingose 

i.    - 
ii.    - 

iii.  Varingose  - 
iv.  m 

v.    - 

II.  - 

i.    - 

ii.  x 

hi.  x 

iv.  x 

v.    - 

III.  Almekahe    - 

i.  (  Urallaose)  - 
ii/   - 

iii.  Almerose 
iv.  Sitkoae 
v.    - 


(5)     I.  Pantbllarabb  -   (10) 


V.  Gordon  a  8K     - 


(i) 


(3) 
(1) 

(2) 
(1) 


1. 

ii. 


(4)        iii.  Grorudoee     -     (6) 
(1)         iv.  Pantellerose       (4) 


(4)  II.  Dacasr    -        -  (40) 

(1)  i      "        *  (2) 

(2)  iii.  Adamellose   -  (19) 
(1)  iv.  Dacoae-        •  (19) 


(2)     III.  Tonalabk 

(0) 


1.       -         - 
ii.  x 

iii.  Harzose 
iv.  Tonaloae 
v.  Placerose 

IV.  Bandabb 

i.  Sagamose 
ii.  * 

iii.  Bandoee 

V. 


-(155) 

(3) 

-  (28) 
-(117) 

-  (9) 

-  (36) 

•8 


Of  the  nine  analyses  quoted  five  fall  into  the  sub-rang  Alme- 
rose. In  this  subdivision  Washington  gives  only  one  analysis, 
that  of  a  cordierite  andesite  from  Almeria,  in  Spain.  Eleven 
analyses  are  given  in  sub-rang  Riesenose,  that  to  which  the 
obsidianites  from  Peake  Station  and  Hamilton  belong,  but 
(Urallaose)  is  unrepresented  and  (Piemanose)  is  only  represented 
by  a  segregation  in  granite.  For  the  sake  of  comparison  the 
following  analyses  are  given.  They  are  taken  from  Washington's 
tables  of  analyses.  In  the  first  column  of  each  analysis  is  shown 
the  percentage  of  each  oxide,  and  in  the  second  column  is  shown 
the  molecular  proportion  : — 
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I. 

II. 

III. 

SiO, 

63.75 

1.063 

77.27 

1.288 

68.87 

1.148 

A1A 

17.62 

.173 

9,98 

.098 

16.42 

.161 

Fe208 

3.00 

.019 

2.58 

.016 

1.91 

.012 

FeO 

3.26 

.045 

.41 

.005 

206 

.029 

MgO 

3.41 

.085 

.51 

.013 

2.54 

.064 

CaO 

2.50 

.045 

2.28 

.041 

4.64 

.083 

N^O 

1.75 

.030 

2.14 

.034 

1.25 

.020 

KaO 

2.40 

.025 

2.39 

.024 

1.10 

.012 

TiO, 

tr.     . 

MnO 

.99 

.014 

HaO 

2.77 

.86 

1.12 

Total 


100.45 


99.41 


99.91 


I. — Almerose.  Cordierite  andesite,  Hoyazo,  Cabo  de  Gata, 
Almeria,  Spain. 

II. — Riesenose.     Granite,  Wengenweise,  Henweg,  Hesse. 

III. — (Piemanose).  Schliere  in  granite,  Vorderberg,  Riesen- 
gebirge,   Silesia. 

The  norms  for  these  rocks  are :  — 


I. 

II. 

III. 

Quartz 

31.9 

50.6 

42.5 

Orthoclase    - 

13.9 

13.9 

6.7 

Albite 

15.7 

17.8 

10.5 

Anorthite    - 

12.5 

10.8 

23.1 

Corundum    - 

7.4 

.3 

4.7 

Hypersthene 

12.0 

1.3 

8.6 

Magnetite    - 

4.4 

1.2 

2.8 

Hematite 

1.7 

As  a  result  of  the  classification  of  the  analyses  of  obsidianites, 
we  are  now  in  a  position  to  compare  these  analyses  critically 
with  one  another,  and  also  with  other  analyses.  It  is  self- 
evident  that  there  is  a  strong  family  resemblance  between  all 
nine  analyses.  Most  of  the  obsidianites,  as  already  stated, 
belong  to  the  group  Almerose,  and  the  others  do  not  diverge 
greatly  from  this  type.  The  subdivision  Riesenose,  though 
belonging  to  a  higher  class  than  Almerose,  still  falls  into  the 
corresponding  Order,  Rang  and  Sub-rang,  the  only  difference 
being  that  the  higher  percentage  of  silica  and  lower  percentage 
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of  magnesia  and  iron  cause  the  total  of  the  salic  minerals  in  this 
case  to  be  more  than  seven  times  the  femic  minerals. 

The  Usalla  analysis  corresponds  closely  to  the  other  analyses, 
and  would  fall  into  the  group  Almerose,  but  for  the  almost 
entire  absence  of  soda.  It  will  be  seen  that  the  total  alkalis  are 
about  normal,  and  it  is  to  be  hoped  that  more  analyses  of 
buttons  from  this  area  may  be  made  to  determine  if  this  result 
be  in  accord  with  others  from  the  same  locality. 

The  analyses  of  the  specimen  from  Pieman  wanders  farthest 
from  the  type  group.  The  large  excess  of  lime  over  the  alkalis 
throws  this  analysis  into  Rang  IV.,  otherwise  it  is  fairly  closely 
related  to  Riesenose. 

The  division  line  between  Class  I.  and  Class  II.  is  necessarily 
an  arbitrary  one,  so  that  with  an  increase  in  the  number  of 
analyses  of  obsidianites  we  should  probably  get  a  perfect  grada- 
tion froui  Riesnose  to  Almerose.  Even  as  it  is  we  see  that  some 
of  the  analyses  belonging  to  the  Almerose  Sub-rang  seem  to  be 
more  nearly  related  to  the  analysis  of  the  Hamilton  specimen 
than  to  other  analyses  falling  into  the  same  group  as  them- 
selves. 

By  far  the  most  important  result  of  the  classification  of  the 
analyses  is,  however,  to  demonstrate  clearly  that  rocks  having 
compositions  similar  to  those  of  the  obsidianites  are  rarely  met 
with  among  the  igneous  rocks  of  the  earth's  surface.  The  im- 
portance of  this  result  becomes  very  evident  when  we  come  to 
consider  the  origin  of  the  obsidianites. 

Tub  Origin  of  Obsidianites. 

Several  hypotheses  have  been  advanced  to  account  for  the 
origin  and  distribution  of  obsidianites,  and  naturally  their 
chemical  composition  has  an  important  bearing  on  the  solution 
of  the  problem.     It  has  been  stated:  — 

(a)  They  are  artificial  product*. 

(b)  They  represent  a  peculiar  form  of  volcanic  ejectmenta. 

(c)  They  are  nieteoritic  in  origin. 

(a)  Artificial  Product*.  — 

At  first  sight  the  general  appearance  of  obsidianites  may 
incline  one  to  the  belief  that  they  are  artificial  in  origin,  but  a 
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consideration  of  the  chemical  composition  shows  that  such  a 
belief  is  untenable.  The  analyses  show  that  if  the  obsidianites 
be  artificial,  they  must  have  come  from  a  common  source,  and 
are  either  the  result  of  the  melting  down  of  some  substance 
having  the  requisite  chemical  composition,  or  else  are  the  pro- 
ducts of  high-class  metallurgical  works.  The  occurrence  of  the 
buttons  over  such  a  large  area  shows  that  the  distribution  from 
this  common  source  must  have  commenced  long  before  the  dis- 
covery of  Australia,  so  that  to  believe  in  the  artificial  origin  of 
obsidianites  we  must  believe  that  among  the  Australian 
aborigines  were  first-class  metallurgical  chemists  who  had  con- 
trol of  temperatures  of  over  1300  deg.  C. 

(b)  Volcanic  Products. — 

Most  of  the  earlier  writers  on  this  subject  believed  that  the 
obsidianites  were  a  peculiar  form  of  volcanic  bomb,  and  this 
opinion  is  still  held  by  many.  Various  places,  such  as  the 
volcanoes  of  New  Zealand,  South  Victoria  Land,  and  the  Malay 
Archipelago,  and  the  extinct  volcanoes  of  Victoria,  have  been 
named  as  the  source  from  which  the  bombs  were  derived.  Un- 
fortunately, no  reliable  analyses  of  Victorian  basalt's  have  been 
recorded,  but  analyses  of  rocks  from  the  other  areas  are  given 
below,  together  with  the  analyses  of  the  Coolgardie  obsidianite 
for  convenience  in  comparison.  Only  the  more  important  con- 
stituents are  quoted. 


I. 

II. 

III. 

IV. 

SiO,     - 

70.62 

75.46 

-       68.51 

-       57.95 

A1A  - 

13.48 

11.27 

-       15.96 

-       20.43 

Fe9Oa  - 

.85 

1.17 

2.61 

3.43 

FeO     - 

4.44 

2.05 

1.09 

1.35 

MgO    - 

2.42 

.27 

1.07 

.26 

CaO     - 

3.09 

.53 

3.14 

1.90 

Na,0  - 

1.27       - 

3.45 

4.01 

8.32 

K3()     - 

2.22 

4.88 

1.82 

5.96 

HaO  +  - 

.01 

.28 

II.  (1. 

.39 

HaO-- 

.06 

.07 

- 

.23 

Ti0.2    - 

.90 

.05 

.82 

.40 

MnO   - 

.42 
99.75       - 
2.454 

tr. 
99.93 
2.353 

.28 

.07 

Total  - 

-     100.65 

-     100.76 

Sp.  Or. 

2.329 

.  "~ 7 
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I. — Obsidianite  from  near  Coolgardie,  Western  Australia. 

II. — Obsidian  from  Mayer's  Island,  New  Zealand.  Analysed 
by  P.  G.  W.  Bayly. — Records  of  the  Geol.  Survey  of  Victoria, 
Vol.  II.,  Part  4,  1908,  p.  205. 

III. — Andesitic  Pumice  from  Rrakatoa  Eruption,  1883.  An- 
alysed by  C.  Winkler.  Washington,  Chemical  Analyses  of 
Igneous  Rocks,  p.  193. 

IV.— Phonolitic  Trachyte  from  top  of  900  ft.  knoll,  Mt. 
Terror,  South  Victoria  Land.  National  Antarctic  Expedition, 
1901-1904.     Natural  History,  Vol  I.,  Geology,  pp.  114,  119. 

The  norms  corresponding  to  these  analyses  are :  — 


I.— II. 


II. 


III.- 


IV.-    I. 


I. 

II. 

III. 

IV. 

Quartz     - 

41.0      - 

35.5 

-      29.9 

_ 

Orthoclase 

13.4      - 

29.0 

-      11.1 

-  '    35.0 

Albite     - 

11.0      - 

29.3 

-      33.5 

-      36.0 

Anorthite 

15.3      - 

.6 

-      15.6 

.8 

Nephelite 

- 

- 

-      18.5 

Corundum 

3.3      - 

1.6 

- 

Diopside 

- 

1.7 

- 

-        1.5 

Hypersthene   - 

13.0      - 

2.5 

2.7 

Wollastonite    - 

. 

- 

2.8 

Magnetite 

- 

1.1       - 

1.6 

1.2 

3.5 

Ilmenite 

- 

1.7      - 

0.2 

1.5 

.8 

Hematite 

- 

1.7 

1.0 

Prom  these  result 

&s  we  obtain  the  following  classification  : — 

CLASS. 

ORDKR. 

RANG. 

SUB-RANG. 

Dosalane 

III. 

Quarfelic 

III. 

Alkali-calcic 

III.  Sodi-potassic 

H  ispanare 

Almerase 

Almerose 

Persalane 

III. 

Quarfelic 

I. 

Peralkalic 

III.  Sodi-potassic 

Col  um  bare 

Alaskase 

Alaskose 

Persalane 

IV. 

Quardofelic 

III. 

Alkali-calcic 

IV.  Dosodic 

Brittanare 

Coloradase 

Yellowstonose 

Persalane 

VI. 

Lend  of  el  ic 

I. 

Peralkalic 

IV.  Dosodic 

Russare 

Miaskase 

Miaskose 

The  analysis  of  the  New  Zealand  obsidian  is  that  of  a  fairly 
normal  acid  glass,  in  which  the  sum  of  the  alkalis  very  greatly 
exceeds  the  lime.  Other  analyses  of  New  Zealand  rhyolitic 
rocks  quoted  by  Washington  are  found  to  be  closely  related  to 
that  of  the  Mayer  Is.  specimen. 
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All  the  analyses  of  acid  and  intermediate  rocks  from  South 
Victoria  Land  recorded  by  Dr.  Prior  are  found  to  be  closely 
related  to  one  another,  and  the  analysis  quoted  may  be  taken 
as  fairly  representative. 

Very  few  analyses  of  recent  volcanic  rocks  from  the  Malay 
Archipelago  are  recorded,  the  one  given  above  being  the  only 
superior  analysis  of  material  from  this  area,  quoted  by 
Washington. 

An  examination  of  the  foregoing  results  should  prove  con- 
clusively that  there  is  no  chemical  relationship  between  the 
obsidianites  and  the  rocks  quoted,  and  therefore  the  chemical 
evidence  at  present  available  is  entirely  opposed  to  the  possi- 
bility of  New  Zealand,  South  Victoria  Land  or  Malay  Archi- 
pelago being  the  sources  of  the  obsidianites. 

Although  no  reliable  analyses  of  Victoria  basalts  have  been 
recorded,  numerous  micro-sections  have  been  examined,  and 
there  is  no  evidence  of  any  departure  from  a  normal  composi- 
tion, and  as  they  are  all  basic  in  character,  the  obsidianites 
cannot  possibly  be  glassy  representatives  of  these  rocks.  Mr. 
Dunn1  suggests  that  the  obsidianites  may  have  preceded  the 
basaltic  flows,  but  this  is  impossible  in  some  cases,  as  the  but- 
tons are  often  found  resting  on  the  surface  of  the  lava  flows. 
In  some  areas  it  has  been  shown1  that  a  gradual  change  has 
taken  place  in  the  composition  of  the  lava  poured  out  by  the 
volcanoes  of  that  area,  the  result  being  that  whereas  the  earliest 
flows  were  basaltic,  the  final  products  were  more  closely  allied' 
to  obsidian. 

Even  if  we  disregard  the  almost  unique  composition  of  the 
obsidianites,  we  are  not  justified  in  assuming  that  they  repre- 
sent any  such  acid  residuum  from  a  basic  magma,  for  if  acid 
differentiation  products  were  formed  we  should  certainly  find 
some  traces  of  them  in  or  around  some  of  the  extinct  cones. 

It  would  seem,  therefore,  that  the  advocates  of  a  volcanic 
origin  for  the  obsidianites  receive  no  support  from  a  considera- 
tion of  their  chemical  composition. 


1  Records  of  the  Geol.  Survey  of  Victoria,  vol.  U.,  pt  IV.,  1908,  g.  204. 
1  Geikie'y  Text  Book  of  Geology,  pp.  137,  840,  70S. 
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(c)  Meteoritic  Origin. — 

Before  discussing  what  bearing  the  chemical  composition  of 
the  obsidianites  has  to  the  meteoritic  hypothesis  of  their  origin, 
some  account  of  their  distribution  from  a  chemical  standpoint 
is  necessary. 

Referring  back  to  the  table  of  analyses,  it  will  be  seen  that 
the  specific  gravity  practically  varies  inversely  as  the  percentage 
of  silica.  By  determining  the  specific  gravity  of  a  specimen, 
therefore,  we  have  a  quick  method  of  arriving  at  its  approxi- 
mate composition.  On  receiving  Mr.  A  nipt 's  analysis  of  the 
Peake  Station  obsidianite,  I  was  struck  by  the  extremely  low 
specific  gravity  (2.385)  of  this  specimen,  no  other  recorded 
determination  being  less  than  2.41.  I  therefore  set  to  work 
to  carefully  determine  the  gravity  of  some  of  the  specimens  at 
my  disposal.  All  buttons  were  carefully  cleaned  and  scrubbed 
with  dilute  hydrochloric  acid,  and  after  being  washed  and  dried, 
were  weighed  on  a  chemical  balance.  They  were  then  boiled  in 
distilled  water  to  get  rid  of  every  trace  of  surface  air  bubble, 
and  on  cooling  were  re- weighed  in  water.  Six  determinations 
were  made  of  buttons  from  Hamilton,  from  Balmoral,  and  from 
Peake  Station.  The  results  are  given  below,  together  with  six 
specific  gravities  recorded  by  Mr.  Simpson  of  obsidianites  from 
Kalgoorlie. 

II. 
2.389 
2.401 
2.401 
2.406 
2.413 
2.455 

I. — Six  sinall  specimen*  from  near  Hamilton. 

II. — Six  small  specimens  from  Balmoral. 

III. — Six  large  specimens  from  Lake  Eyre  District. 

IV. — Six  specimens  from  Kalgoorlie. 

Mr.  Kerr  Grant  determined  the  bulk  sj>ecinY  gravity  of  sixty- 
nine  specimens  from  the  Lake  Eyre  District,  and  kindly  fur- 
nished me  with  the  result  obtained,  viz.,  2.395. 

The  above  results  are  extremely  interesting,  as  they  point  to 


I. 

1. 

2.395 

2. 

-       2.398 

3 

-       2.401 

4. 

-       2.401 

5. 

-       2.401 

6. 

2.406 

III. 

IV. 

2.376 

2.43 

2.376 

2.43 

2.389 

2.45 

2.406 

2.45 

2.414 

2.46 

2.436 

2.49 
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a  certain  amount  of  provincial  distribution  of  the  obsidianites. 
It  will  be  seen  that  the  average  specific  gravity  of  the  Hamilton 
specimens  is  2.400,  and  Mr.  Simpson  gives  2.448  as  the  average 
specific  gravity  of  the  specimens  determined  by  him.  Judging 
from  the  above  values,  it  seems  that  the  Lake  Eyre  District 
and  Western  Victoria  are  characterised  by  a  more  acid  type  of 
obsidianite  than  Kalgoorlie  District. 

For  convenience  in  recording  the  distribution  of  the  different 
types,  I  would  suggest  the  following  divisions,  according  to 
specific  gravity :  — 

A.— Under  2.390.     Peake  Station  type.     Analysis  No.  III. 

B.— 2.391— 2.410.     Hamilton  type.     Analysis  No.  II. 

C— 2.411— 2.440.     Mt.  Elephant  type.1     Analysis  No.  I. 

D.— 2.441— 2.470.  Kalgoorlie  type.  Analyses  Nos.  IV.,  V., 
VI.,  VIII. 

E.— Over  2.470.     (?)     type.2     No  analysis. 

The  gravities  recorded  in  this  paper  give  the  following  re- 
sults :  — 

Hamilton    6B. 

Balmoral    1A,  3B,  1C,  ID. 

Peake  Station 3A,  IB,  2C. 

Kalgoorlie 2C,  3D,  IE. 

I  hope  in  time  to  collect  a  sufficient  number  of  records  of 
specific  gravities  to  thoroughly  test  this  apparent  distribution 
according  to  chemical  composition. 

Judging  from  records  taken  from  Mr.  Walcott's  paper,  viz., 
Clarke,  2.42—2.7;  Stelzner,  2.41—2.52;  Twelvetrees  and 
Petterd,  2.45—2.47 ;  and  Walcott,  2.42—2.48,  it  seems  that 
the  Peake  Station  and  Hamilton  types  are  rarely  met  with, 
except  in  the  type  localities.  As,  however,  these  are  the  pre- 
vailing types  about  Lake  Eyre  and  part  of  Western  Victoria, 
it  appears  that  we  certainly  have  two  areas  on  which  the  more 
acid  type  fell  most  abundantly,  whereas  about  Kalgoorlie  no- 
thing but  the  more  basic  types  are  recorded. 

1  The  Mt.  Elephant  analysis  is  taken  as  the  standard  as  it  is  more  normal  than  the 
Pieman  analysis. 

2  The  Uralla  specimen  may  belong  here,  but  unfortunately  no  specific  gravity  is 
recorded. 
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What  little  evidence  we  have,  therefore,  strongly  supports 
this  idea  of  provincial  distribution,  and  if  on  further  work  this 
is  upheld,  the  cosmic  origin  of  obsidianites  is  practically  deter- 
mined, because  such  distribution  is  impossible,  by  means  of  any 
of  the  agencies  suggested  by  the  advocates  of  a  volcanic  or 
artificial  origin.  The  agencies  which  have  been  suggested  are 
water,  ice,  aborigines,  birds,  winds,  volcanic  explosions  and 
hypothetical  bubbles.  It  is  quite  inconceivable  that  chemical 
distribution  could  be  effected  by  any  of  these  means. 

The  two  principal  arguments  against  the  meteoritic  hypo- 
thesis are — the  form  and  the  composition  of  the  obsidianites. 
This  paper  is  only  concerned  with  the  latter.  It  has  been 
argued  that  obsidianites  cannot  be  meteoritic  in  origin,  because 
they  differ  so  completely  in  composition  from  all  known  mete- 
orites. The  stony  meteorites  are  all  extremely  basic  in  com- 
position. This  argument  cuts  both  ways,  however,  for  we  may 
with  quite  as  much  justification  say  that  as  the  obsidianites  do 
not  agree  in  composition  with  terrestrial  rocks,  they  are  there- 
fore extra-terrestrial. 

As  the  artificial  origin  is  impossible,  and  as  none  of  the  sug- 
gested volcanic  sources  have  produced  lavas  at  all  agreeing  in 
composition  with  that  of  obsidianites,  these  two  hypotheses 
appear  untenable.  This  leaves  us  the  meteoritic  hypothesis,  and 
the  almost  unique  composition  of  the  obsidianites,  together  with 
their  apparent  provincial  distribution,  makes  it  practically 
certain  that  this  is  the  correct  explanation  of  the  origin  of  these 
interesting  substances. 


BlLLITONITKS     AND     MoLDAVITBS. 

Dr.  Suess1  quotes  three  analyses  of  billitonites,  but  only  two  are 
sufficiently  complete  for  purposes  of  classification.  The  analyses, 
with  their  molecular  proportions,  are  as  follows  : — 


1  Die  Herkunft  der  Moldavite  und  verwandter  G  laser.     Jahrb.  d.  k.  k.  jfeol.  Heichsanat 
Vienna,  1900,  vol.  60. 
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I. 

II. 

SiOa 

70?2~~^ 

1.182 

71.14 

1.186 

A1.0,      - 

12.20 

.120 

11.99 

.117 

Fe,0,      - 

1.07 

.007 

FeO 

5.42 

.075 

5.29 

.073 

MgO       - 

2.61 

.065 

2.38 

.059 

CaO 

3.78 

.068 

2.84 

.051 

Na,0       - 

2.46 

.040 

2.45 

.039 

KaO 

2.49 

.027 

2.76 

.029 

MnO       - 

.14 

.002 

.32 

.005 

Total 


101.09 
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99.17 


Sp.  Gr.    -         2.447 


2.43 


I. — Billitonite  from  Tebrung,  Dendang.   Analysed  by  C.v.  John. 
II. — Billitonite  from  Lura  Mijn,  No.  13,  Dendang.     Analysed 
by  Dr.  Brunck. 

The  following  are  the  norms,  calculated  from  these  analyses: — 

Quartz 
Orthoclase   - 
Albite 

Anorthite    - 
Diopside 
Hypersthene 
Magnetite    - 

Both  of  these  analyses  fall  into  the  sub-rang.  Almerose,  and 
although  differing  somewhat  from  the  obsidianites  which  fall  into 
this  group  the  general  resemblance  is  very  marked. 

Six  analyses,  quoted  by  Dr.  Suess,  of  Moldavites  are  capable  of 
classification.   All  these  analyses  were  made  by  C.  v.  John,  Vienna. 


I. 

II. 

314 

32.0 

15.0 

16.1 

21.0 

21.0 

14.7 

13.6 

3.4 

.7 

14.0 

15.8 

1.6 

SiOa 

ALA  - 
Fe9Os  - 
FeO 

MgO  - 
CaO 

Na90       - 
K90 
MnO 
Loss  on  ) 
ignition  [ 

Total       - 


I. 

77.69 

12.78 

2.05 

1.45 

1.15 

1.26 

.78 

2.78 


II. 
82.28 
10.08 

2.03 
.98 

2.24 
.28 

2.20 

.06 


III. 
77.75 
12.90 

2.60 
.22 

3.05 
.26 

2.58 

.10 


IV. 
77.96 
12.20 

.14 
3.36 
1.48 
1.94 

.61 
2.70 

.10 


V. 

82.68 
9.56 

1.13 
1.52 
2.06 

.63 
2.28 

.18 


VI. 
78.61 
12.01 

.16 
3.06 
1.29 
1.62 

.44 
3.06 

.11 


99.94     100.15       99.46     100.49     100.04     100.49 
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I. — Moldavite  from  Radomilitz,  near  Budweis  (Light  brown). 

II. — Moldavite  from  Radomilitz,  near  Budweis  (Light  green). 
III. — Moldavite  from  Radomilitz,  near  Budweis  (Dark  green). 
IV. — Moldavite  from  Tribitsch. 

V. — Moldavite  from  Budweis  (Light  green). 
VI. — Moldavite  from  Tribitsch. 


The  norms. 

are  as  follow : 

— 

I. 

II. 

III. 

IV. 

V. 

VI. 

Quartz 

57.3 

63.8 

57.5 

54.6 

62.6 

56.8 

Orthoclase  - 

16.7 

13.3 

15.0 

16.1 

13.3 

17.2 

Albite 

6.8 

2.6 

2.1 

5.2 

5.2 

3.7 

Anorthite   - 

6.4 

11.1 

15.3 

9.9 

10.3 

8.1 

Corundum  - 

6.0 

3.1 

4.0 

4.7 

2.3 

5.2 

Hypersthene 

3.8 

6.2 

5.4 

10.0 

6.3 

9.3 

Magnetite  - 

3.0 

o 

.2 

The  sul>-rangs.  into  which  these  analyses  fall  are : — 

I. — (Radomilitzose). 

II. — (Moldavose). 
III. — (Budweisose). 
IV. — ( Moldavose). 

V. — (Moldavose). 
VI.— (Moldavose). 

It  will  be  seen  that  the  composition  of  the  moldavites  differs 
considerably  from  that  of  the  obsidianites.  In  this  case,  again, 
we  have  almost  unique  compositions  such  as  are  rarely  met  with 
among  the  igneous  rocks  of  the  earth.  Dr.  Suess  strongly 
upholds  the  cosmic  origin  of  these  bodies,  and  also  of  the 
billitonite8  and  australites= obsidianites. 


Summary    and    Conclusions. 

Six  recorded  and  three  new  analyses  of  obsidianites.  are 
brought  together  and  compared  by  means  of  the  American 
classification  of  igneous  rocks. 

It  is  shown  that  the  analyses  indicate  compositions  rarely  met 
with  among  terrestrial  rocks. 
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The  artificial  origin  of  obsidianites  is  shown  to  be  chemically 
impossible. 

Analyses  of  rocks  from  the  various  places  named  as  possible 
sources  of  the  obsidianites,  are  compared  with  the  analyses  of 
the  obsidianites  and  it  is  shown  that  there  is  nothing  in  com- 
mon between  them. 

It.  is  pointed  out  that  there  is  an  apparent  provincial  dis- 
tribution of  obsidianites,  and  if  this  is  proved  to  be  correct,  it  is 
shown  that  a  cosmic  origin  is  the  only  possible  one. 

Analyses  of  billitonites  are  given  and  classified,  and  shown 
to  be  genetically  connected  with  the  obsidianites. 

Six  analyses  of  moldavites,  when  classified,  are  found  to  have 
few  representatives  among  terrestrial  rocks,  and  the  argument 
in  favour  of  a  cosmic  origin  for  them  is  strengthened. 


APPENDIX. 

The  following  additional  information  has  come  to  hand  since 
the  above  paper  was  read :  — 

New  Zealand. — In  answer  to  a  letter  inquiring  about  the 
occurrence  of  obsidianites  in  New  Zealand,  Dr.  Marshall  wrote : 
— "  I  think  I  can  say  without  any  qualification  that  there  is  no 
record  whatever  of  the  occurrence  of  such  objects  in  New 
Zealand.  Of  course  you  are  aware  that  obsidian,  as  a  rock, 
occurs  at  many  localities,  notably  at  Mayor  Island,  Rotorua,  and 
near  Whangaroa,  but  even  in  these  districts  I  have  seen  no 
obsidian  bombs,  to  say  nothing  of  obsidianites." 

Queensland. — Mr.  Dunstan,  Government  Geologist  of  Queens- 
land, informed  me  that  they  had  often  inquired  about  the  occur- 
rence of  obsidian  bombs  in  -Queensland,  but  could  get  no 
specimens,  and,  further,  had  not  heard  of  any  being  found. 

New  South  Wales. — Mr.  Card  called  my  attention  to  the 
record  of  obsidianites  in  the  Records  of  the  Geological  Survey 
of  New  South  Wales,  Vol.  VII.,  Pt.  III.,  p.  218.  Four  specimens 
are  figured.  At  the  same  time  he  told  me  that  Mr.  Mingaye 
was  not  satisfied  with  the  analysis  of  the  Uralla  obsidianite,  as 
he  had  very  little  material  to  work  on,  and  intended  analysing 
another  specimen  from  the  same  locality. 
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South-Western  New  South  Wales. — The  following  is  the 
record  of  the  specific  gravities  of  twenty  obsidianites  obtained 
by  Mr  Milo  R.  Cudmore,  from  a  station  situated  185  miles 
north-west  of  Went  worth,  New  South  Wales,  and  120  miles  east 
of  Kooringa,  South  Australia :  — 

2.439  -  2.421  -  2.417  -  2.408 
2.439  -  2.419  -  2.415  -  2.407 
2.433  -  2.419  -  2.415  -  2.401 
2.432  -  2.419  -  2.415  -  2.391 
2.431  -  2.418  -  2.414  -  2.389 
Average  specific  gravity — 2.417. 

Tasmania. Mr.  W.  F.  Pettard  has  kindly  forwarded  me  a 

pamphlet  on  the  minerals  of  Tasmania,  prepared  for  the  use  of 
the  members  of  the  Australasian  Association  for  the  Advance- 
ment of  Science,  during  the  last  meeting  in  Tasmania.  In  this 
Mr.  Pettard  states  that  he  is  of  opinion  that  a  meteoritic  shower 
of  obsidianites  occurred  in  post-pliocene  time,  which  impinged 
upon  the  earth  in  a  north-western  track,  crudely  extending 
from  Tasmania  to  Victoria,  from  thence  to  the  northern  part  of 
West  Australia,  and  thence  to  the  western  islands  of  the  Malay 
Archipelago. 
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Art.    XIX. — Obsidian ites — Their   Oi~igin  fvwn  a 
Phys  ical   Standpoin  t 

By    KERR    GRANT,    M.Sc. 

[Bead  8th  October,  1908]. 

The  objects  known  as  "  Obsidianites  "  are  apparently  peculiar 
to  the  Australian  continent ;  but  are  allied  to  the  "  Moldavites  " 
of  Bohemia  and  the  "  Billitonites "  of  Malay  Archipelago.  All 
three  forms  are  sharply  distinguished  from  other  natural  mineral 
forms  by  their  physical  and  chemical  character,  and  mode  of 
occurrence. 

''  Obsidianites  "  have  been  well  described  and  discussed  by  R. 
H.  Walcott,1  and  all  three  forms  very  completely  by  Franz  Suesa 
in  an  exhaustive  Monograph  on  "  Moldavites  and  Allied  Glasses."2 
Both  papers  give  Bibliographies  of  the  extensive  literature  on 
the  subject. 

The  theories  which  have  been  advanced  to  account  for  the 
occurrence  of  these  objects  may  be  divided  into  three  groups :  — 

(1)  Those  which  assign  to  them  an  artificial  origin. 

(2)  Those  which  regard  them  as  natural  and  terrestrial  in 
origin. 

(3)  Those  which  regard  them  as  natural  and  extra-terrestrial. 
The  first  theory  has,  in  the  case  of  Obsidianites,  nothing  to 

support  it,  and  very  obvious  and  powerful  arguments  to  oppose 
it.  A  theory  of  natural  origin  has  to  explain,  in  the  first  place, 
the  physical  and  chemical  characters,  and  in  the  second  the  mode 
of  distribution  of  the  Obsidianites.  On  both  these  grounds 
there  are  great  difficulties  in  the  way  of  accepting  a  terrestrial 
origin.  In  particular  the  occurrence  of  these  objects  hundreds 
of  miles  from  any  region  of  volcanic  activity  has  been  regarded 

1  Proc.  Roy.  Soc.  Victoria,  n.H.,  II.,  180s,  |».  2.1. 
1  Jahrbuch  der  k.k.  preol.,  Reichsanstalt,  1900. 
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as  fatal  to  an  explanation  of  their  production  by  volcanic  agency. 
This  has  occasioned  Mr.  E.  J.  Dunn  to  put  forward  an  hypothesis 
as  to  their  mode  of  distribution  from  volcanoes.1  Mr.  Dunn  sug- 
gests that  the  Obsidianites  are  the  "  blebs  of  obsidian  bubbles." 
Apart  from  the  general  arguments  against  a  terrestrial  origin 
which  have  been  put  by  Walcott,  Suess,  anil  other  writers,  there 
are  certain- others  special  to  Mr.  Dunn's  hypothesis  which  appear 
to  me  to  render  it  quite  untenable. 

(1)  The  forms  of  the  obsidian  buttons  are  not,  with  a  few 
possible  exceptions,  those  which  a  liquid  drop  assumes  when 
hanging  from  a  bubble.  The  formation  of  the  frequently  occur- 
ring "  dumb-bell  "  type  by  the  union  of  two  separate  bubbles 
is  quite  inadmissible.  If  the  bubbles,  and  a  fortiori  the  blebs, 
were  perfectly  liquid,  the  two  latter  would  certainly  coalesce  to 
a  drop  of  circular  horizontal  section  ;  if  they  were  not  perfectly 
liquid  we  should  expect  signs  of  discontinuity  at  the  junction : 
such  do  not  occur.  Mr.  Dunn  considers  that  the  form  figured  by 
him  in  Fig.  45  of  his  paper  was  attached  to  the  original  support- 
ing bubble  around  the  projecting  rim.  There  are,  however,  no 
signs  of  fracture  around  the  rim  such  as  we  would  expect  had 
the  obsidianite  broken  away  from  the  parent  bubble,  nor  have 
I  been  able  to  find  such  signs  in  any  one  of  the  numerous  other 
specimens  with  rims  which  I  have  carefully  examined.  The 
specimen  figured  by  Mr.  Dunn  is  one  of  very  unusual  type,  and 
the  commoner  forms  will  not  afford  even  its  frail  support  to 
his  ingenious  hypothesis.  For  instance,  in  Professor  Spencer's 
Central  Australian  collection  are  many  specimens  without  the 
bubble-suggesting  rim  at  all. 

(2)  A  more  conclusive  objection  is  the  following:  — 

The  pressure  within  a  liquid  bubble  is  determined  by  the  total 
curvature  of  its  inner  surface  (and,  of  course,  the  surface-tension 
of  the  liquid).  It  is  evident,  without  exact  investigation,  that 
one  part  of  the  interior  cannot  be  convex  while  another  is  concave. 
But  as  both  upper  and  lower  surfaces  of  the  obsidianites  are  in- 
variably convex,  it  is  obvious  that  the  attachment  of  the  "bleb" 
to  the  bubble  in  the  way  imagined  by  Mr.  Dunn  is  a  physical 
impossibility. 

1  Rec  Geol.  Survey  of  Victoria,  vol.  ii.,  pt  IV. 


446  Kei*r   Grant: 

(3)  In  order  that  a  spherical  bubble  of  glass,  vacuous,  let 
us  suppose,  within,  should  float  in  air,  its  thickness  must  not  be 
more  than  a  certain  fraction,  approximately  .00017,  of  its 
radius.  In  order  that  it  should  not  collapse  under  the  air- 
pressure  its  thickness,  on  the  other  hand,  must  be  not  less  than 
another  definite  fraction,  approximately  .00024,  of  its  radius. 
It  is  impossible,  therefore,  for  a  glass-bubble,  vacuous  within 
and  strong  enough  to  withstand  air-pressure,  to  float  in  air. 
This  conclusion  I  have  been  able  to  verify  experimentally. 

The  case  is  obviously  worse  for  the  obsidian  bubbles  with 
their  heavy  blebs  attached,  of  Mr.  Dunn's  hypothesis;  unless, 
indeed,  Mr.  Dunn  imagines  them  to  have  been  blown  with 
hydrogen  or  helium  ! 

Although  other  objections  may  be  brought  against  the 
"  Bubble-theory  "  of  the  origin  of  obsidianites,  the  above  are,  I 
think,  sufficient  to  show  its  extreme  improbability ;  and  since  no 
other  plausible  explanation  of  their  mode  of  distribution  has 
yet  been  advanced  by  the  advocates  of  the  terrestrial  theory, 
we  are  driven  to  explain  their  occurrence  by  means  of  a 
meteoritic  hypothesis. 

It  has  been  objected  that  on  this  hypothesis  such  objects 
would  be  found  scattered  over  the  whole  land-surface  of  the 
earth,  and  not  confined  to  three  comparatively  small  areas. 
This  objection  would  be  at  least  equally  valid  against  any  vol- 
canic theory  of  origin,  unless  it  could  be  established  that  the 
volcanoes  of  those  parts  of  the  world  where  obsidianites  occur 
bear  a  character  distinct  from  those  of  the  remainder.  I  am  not 
aware  that  anyone  has  attempted  to  show  this. 

Nor  is  the  objection  at  all  dangerous  to  the  meteoritic  theory. 
The  virtual  identity  of  chemical  and  physical  properties  in  all 
obsidianites,  as  also  in  the  Moldavites  and  Billitonites,  strongly 
suggests,  not  merely  a  similar,  but  the  same  parentage  ;  pro- 
duction, in  fact,  not  by  a  long-continued  succession  of  meteoric 
falls,  but  in  a  single  meteor  shower.  This  hypothesis  would  well 
account  for  the  confinement  of  each  species  to  a  relatively  small 
and  well-defined  area  on  the  earth's  surface  ;  and  to  push  it  a 
step  further  it  may  be  suggested  as  a  possibility  that  the  three 
swarms  above-named  have  been  produced  in  successive  returns 
of  the  same  meteor-shower. 
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The  physical  characteristics  of  Obsidianites  accord  well  with 
the  hypothesis  of  their  meteoric  production. 

The  average  velocity  of  meteors  which  enter  the  atmosphere 
may  be  taken  as  about  40  miles  per  second.  If  only  one  per  cent, 
of  the  energy  which  such  meteors  possess  were,  under  the  influ- 
ence of  air-friction,  converted  into  heat  and  retained  by  the 
body,  it  would  probably  be  sufficient  to  raise  the  substance  of  au 
obsidianite  to  the  melting  point  and  render  it  completely  liquid. 
The  melting  point  of  the  material  and  its  specific  heat  have  been 
determined  in  the  Physical  Laboratory,  Melbourne  University, 
as  1324  deg.  C.  and  .21  respectively.  The  remarkably  homogen- 
eous quality  of  the  glass  of  which  obsidianites  are  composed 
renders  it  certain  that  they  have,  prior  to  assuming  their 
present  form,  been  fused  throughout. 

The  forms  which  a  mass  of  liquid  motion  is  capable  of  assum- 
ing have  been  the  subject  of  discussion  by  many  eminent  mathe- 
maticians from  the  time  of  Newton  to  the  present  day.  Neg- 
lecting the  effect  of  air-resistance  on  the  surfrvce  it  has  been 
shown  that  the  following  forms  are  possible :  — 

(1)  The  sphere — possible  only  when  there  is  no  rotation. 

(2)  The  oblate  spheroid — stable  at  low  speeds  of  rotation. 

(3)  The  prolate  spheroid — stable,  if  at  all,  only  at  high 

8 peed s  of  rotation. 

(4)  The  apioid,  or  pear-shaped  figure  of  revolution. 

(5)  The  dumb-bell  or  hour-glass  figure  of  revolution. 

It  is  remarkable  that  all  these  forms,  if  we  ignore  secondary 
features,  are  comprised  among  those  assumed  by  Obsidianites. 
The  occurrence  of  cigar-shaped  and  dumb-bell  shaped  figures  is 
of  particular  interest  since  the  stability  of  these  types  is  still 
a  matter  of  dispute  among  mathematicians. 

The  secondary  features  of  form  alluded  to  consist  of  the  well- 
known  rim,  the  ripples  concentric  with  it  on  one  face  and  the 
smaller  pittings  and  furrowings  of  the  surface.  These  features 
have  been  satisfactorily  explained  as  due  to  the  action  of  the  air 
on  the  moving  liquid,  and  Suess  has  succeeded  in  obtaining 
artificial  pittings,  etc.,  by  the  action  of  jets  of  steam  on  rotating 
lumps  of  resin. 

I  have  also  observed  on  two  specimens  markings  which  have 
strongly  the  appearance  of  having  been  produced  by  the  impact 
of  the  glass,  while  still  plastic,  on  some  hard  object. 
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Both  primary  and  secondary  features  of  form,  therefore,  while 
they  do  not  negative  a  terrestrial  origin,  accord  at  least  equally 
well  with  an  extra-terrestrial. 

It  is  much  to  be  regretted  that  the  few  hollow  specimens  of 
Obsidianites  which  have  been  found  have  been  cut  open  without 
the  collection  of  the  contained  gas,  an  analysis  of  which  would 
probably  throw  light  on  the  true  nature  of  the  objects.  The 
author  would  be  much  indebted  to  any  person  possessing  an  ob- 
sidianite  of  specific  gravity  lower  than  2.38,  which  would  pro- 
bably indicate  cavities  inside,  who  would  communicate  with  him. 
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Art.   XX. — Description  of  a  New  Species  of 
Sminthopsis. 

By    W.     BALDWIN    SPENCER,   C.M.G.,    M.A.,    F.R.S. 

I  am  indebted  to  Mr.  6.  A.  Keartland  for  the  specimen  upon 
which  the  following  description  is  based.  Though  there  is  only 
one,  it  is  an  adult  male,  and  differs  so  clearly  from  all  known 
species  of  Sminthopsis  that  I  have  no  hesitation  in  describing 
it  as  new. 

Sminthopsis  longicaudatus,  sp.  n. 

Size  of  body  similar  to  that  of  S.  leucopus.  A  darkish  line 
along  each  side  of  the  face  through  the  eye.  Upper  and  lower 
lips  and  chin  white.  General  body  colour  grey  with  rufous  tinge 
in  parts ;  the  basal  three-quarters  of  each  hair  blue-black.  Fore- 
arm, hand  and  foot  white.1 

Ear  large  and  broad ;  laid  forward  they  reach  the  anterior 
canthus  of  the  eyes. 

Hand  with  six  pads,  four  smaller  distal  ones  corresponding  in 
position  with  the  intervals  between  the  digits  1  and  2,  2  and  3, 
3  and  4,  4  and  5.  Two  large  proximal  ones  near  the  wrist.  Both 
of  the  latter  are  V-shaped,  with  the  apex  pointing  forwards.  The 
one  on  the  outer  side  is  large.     All  the  pads  are  striated. 

Foot  with  five  pads,  three  at  the  base  of  the  digits,  one  at  the 
base  of  the  hallux,  and  one  further  back.  All  the  pads  are 
striated.     Both  palms  and  soles  are  finely  granulated. 

Tail  remarkably  long — twice  the  length  of  the  head  and  body  ; 
scaly,  with  short  stiff  hairs ;  no  crest ;  composed  of  some  30 
elongate  vertebral  bodies. 

Skull. — Slender  and  delicate.  The  nasals  proportionately 
longer  than  in  any  other  species,  and  but  very  slightly  broader 
behind  than  in  front.     Interorbital  space  smooth  ;  no  postorbital 


1  Owing  to  the  iui|>crfect  preservation  of  the  fur  it  is  not  possible  to  describe  the 
colours  more  in  detail. 
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Art.  XXI. — On  tlte  Occurrence  of  tlie  Selachian  Genua 
Corax  in  the  Lower  Cretaceous  of  Queensland. 

By   FREDERICK    CHAPMAN,    A.LS,    Ac. 

National  Museum. 

(With  Text  Figure). 

[Bead  10th  December,  1906.] 

Introductory  Remarks. — Already  two  species  of  sharks'  teeth 
have  been  recorded  from  the  Lower  Cretaceous  (Rolling  Downs 
Formation)  of  Queensland  by  Mr.  R.  Etheridge,  jurir.  They  are 
represented  by  a  tooth1,  referred  to  Lamna  appendiculata% 
Agassiz,  and  seven  conjoined  vertebrae2,  described  under  the 
name  of  Lamna  daviesii.  Up  to  the  present,  apparently,  no- 
example  of  the  truly  Cretaceous  genus  Corax  had  been  observed. 

The  specimen  herein  described  occurs  on  a  weathered  slab  of 
limestone,  the  surface  of  which  is  crowded  with  fragments  of  fiah- 
remuins  and  a  small  Belemnite,  possibly  allied  to  B.  diptycha, 
McCoy.  The  other  fish. -remains  noticed  seem  to  belong  to  an 
indeterminate  ganoid  genus,  shown  by  the  presence  of  polished 
scale-fragments,  awl-shaped  teeth  and  small  vertebrae.  This 
interesting  fossiliferous  limestone  specimen  was  presented  to  the 
Museum  by  G.  H.  Roche,  Esq.,  who  had  obtained  it  from  H.  A.  C. 
Webb,  Esq.,  its  discoverer.  The  locality  of  the  specimen  is  the 
Hamilton  River,  about  40  miles  from  Boulia,  Queensland. 

Description. — This  specimen  is  evidently  a  young  tooth,  since 
the  point  of  the  crown  is  much  depressed  and  acute.  The  base 
of  the  tooth  is  large  in  proportion,  a  characteristic  of  Corax,  and 
is  broadly  wedge-shaped,  tapering  to  the  lower  margin.  There 
is  no  indication  of  an  internal  cavity  to  the  tooth,  as  in  Lamna 
and  other  allied  genera.  The  anterior  coronal  margin  is  flexuous, 
and  the  depressed  point  makes  it  to  be  almost  parallel  with  the 

1  R.  Etheridge,  Jnr.,  in  Etheridge  and  Jack's  Oeol.  and  Pal.  of  Queensland  and  New 
Guinea,  1892,  pp.  503,  504. 

2  Op.  supra  oit,  p.  503. 
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basal  margin  of  the  root.  It  is  the  inner  surface  of  the  tooth 
which  is  exposed  on  the  slab,  and  it  is  highly  convex.  The 
anterior  and  posterior  coronal  margins  are  depressed  and 
flanged,  and  under  magnification  the  edges  are  seen  to  be  feebly 
crenate. 

Dimensions. — Length  of  root,  5.5  mm. ;  entire  length  of 
crown,  6  mm. ;  height  of  root,  2  mm.  ;  height  of  crown  from 
upper  limit  of  root,  1.25  mm. 

Remarks. — The  genus  Corax  is  typically  an  Upper  Cretaceous 
fossil,1  but  one  species,  Corax  antiquus,  Deslong.,  has  been 
described  from  the  Lower  Oolite  of  Normandy.2  In  its  some- 
what depressed  form  and  inconspicuous  serrated  margins  the 
present  example  most  nearly  resembles  C.  a/finis,  Agassiz,8  from 
the  Upper  Cretaceous  (Danian  and  Upper  Senonian)  of  Europe. 
Agassiz's  figures  of  C.  appendiculalus*  also  closely  resemble  our 
specimen,  a  form  regarded  by  Smith  Woodward  as  synonymous 
either  with  C.  pristodontus,  Ag.,  or  C.  affinis,  Ag.6  In  C.  affinis, 
however,  there  is  generally  a  broad  posterior  denticle  near  the 
base  of  the  coronal  margin,  which  is  entirely  absent  in  the 
Australian  specimen.  Upon  these  grounds  it  seems  advisable 
to  keep  the  Australian  form  as  a  distinct  species,  also  taking 
into  consideration  the  fact  that  it  occurs  in  a  rock  of  an  older 
division  of  the  Cretaceous.  It  may  therefore  be  referred  to 
under  the  name  of  Corar.  aus traits. 


Corax    Austral  is,   sp.  nov. 
Lower  Cretaceous,  Hamilton  River,  Queensland. 


1  See  Smith  Woodward,  Catalogue  Foss  Fishes  (Brit  Mug.),  1889,  pp.  422-429. 

2  Deslongchamps,  Le  Jura  Normand,  Mon.  vi.,  1877,  p.  4,  pi.  i.,  figs.  4,  5. 

3  Agassiz,  Poiss.  Foss.,  vol.  Hi.,  1843,  p.  227,  pi.  xxvia,  figs.  21-34.     8mith  Woodward, 
op.  cit.,  p.  427.    Idem,  Proc.  Geol.  Assoc.,  vol.  xiii.,  1895,  p.  199,  pi.  vi.,  figs.  19-22. 

4  Agassiz,  op.  cit,  pi.  xxvia,  figs.  16-20. 

5  Smith  Woodward,  op.  cit,  p  423  (footnote). 
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Art.  XXII. — The  Endoparasites  of  Australian  Stock 
and  Native  Fauna. 

Part  I. 
Introduction,  and  Census  of  Forms  recorded  up  to  date. 

By   GEORGINA   SWEET,    D.Sc,  Melb.  Univ., 
Government  Research  Scholar. 
[Bead  10th  December,  1908.] 

Introduction. 

The  investigation  of  which  the  present  papers  form  the  first 
records  was  begun  this  year  (1908)  in  the  Biological  Laboratory 
of  the  University  of  Melbourne.  This  work,  of  which  the  extent 
and  difficulties  can  only  be  appreciated  by  those  who  know 
something  of  the  subject,  aims  at  making  a  systematic  and 
thorough  enquiry  into  the  nature  of  the  internal  parasites 
infesting  Australian  animals,  both  native  and  domesticated,  and 
then  into  the  life-history  and  conditions  of  increase  and  spread 
of  these  injurious  forms.  So  far  but  little  of  a  methodical 
and  widespread  nature  has  been  done  in  Australia,  although,  as 
will  be  seen  from  the  accompanying  census,  a  considerable 
number  of  records  are  scattered  about  in  various  publications. 
The  valuable  work  of  Dr.  N.  A  Cobb  in  New  South  Wales  is  the 
principal  series  of  records  in  this  direction,  the  other  States 
of  the  Commonwealth  being  very  far  behind  the  mother  State  in 
this  respect.  This,  in  a  country  so  dependent  on  its  live  stock 
industries  as  Australia,  means  a  very  great  loss  in  revenue 
annually  from  what  are  probably  preventable  causes. 

Doubtless  we  have  here  many  of  the  more  common  forms  of 
the  older  civilised  countries,  which  have  been  introduced,  but 
very  probably,  too,  there  are  species  unknown  elsewhere  and 
just  as  objectionable  as  many  of  the  better  known  kinds.     My 
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object  then  is.  twofold :  first,  to  increase  our  purely  scientific 
knowledge  of  the  Australian  parasitic  fauna,  and  especially  of 
the  "  worms " ;  and  secondly,  to  attack  in  some  measure  the 
scientific  and  economic  problems  associated  with  the  existence 
and  eradication  of  these  "  pests." 

As  a  result  of  the  courtesy  and  foresight  of  the  ex-Minister 
of  Agriculture  and  the  chief  officer  in  the  Stock  branch  of  the 
Department  of  Agriculture  of  Victoria,  a  large  number  of 
pirculars  have  been  printed  and  distributed  to  those  most  likely 
to  assist,  especially  in  this  State,  inviting  their  co-operation  in 
sending  specimens.  As  yet,  it  is  too  soon  to  receive  much 
response  in  the  way  of  material,  but  considerable  interest  has 
been  shown  in  the  matter  in  other  States  as  well  as  this. 

At  the  outset  I  wish  to  thank  most  sincerely  all  those  who 
have  already  helped  forward  this  work — especially  the  ex- 
Minister  for  Agriculture  (Hon.  George  Swinburne,  M.L.A.),  and 
the  chief  veterinary  officer  in  the  Stock  Branch  (Mr.  S.  S. 
Cameron,  M.R.C.V.S.),  Professor  Baldwin  Spencer,  C.M.G., 
F.R.S.,  and  Dr.  T.  S  Hall,  of  the  Biological  Department  in  this 
University,  and  also  the  librarians  and  assistants  of  the  several 
Government  and  other  libraries,  who  have  done  their  utmost  to 
assist  me  in  my  tedious  search  for  records.  The  names  of  those 
to  whom  my  thanks  are  due  for  specimens  appear  in  connection 
with  the  individual  records. 


Cbnsus. 

In  undertaking  this  work  it  was  essential  that  I  should  know 
exactly  what  has  been  recorded  up  to  date  from  or  in  Australia 
and  Tasmania,  and  New  Guinea  with  its  surrounding  islands, 
these  being  included  on  account  of  the  existence  of  Australian 
marsupials  there.  As  it  seemed  that  this  information  would 
be  useful  for  others  also,  it  is  being  published  here.  Although 
primarily  concerned  with  the  endo-parasitic  worms,  it  appeared 
desirable  to  add  to  the  list  such  references  as  I  met  in  my 
search,  dealing  with  forms  belonging  to  the  Arachnida,  etc., 
which  have  well-marked  endoparasitic  stages  in  their  life- 
histories. 


'■Ilj 
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It  has  been  my  endeavour  to  make  this  list  of  species  as  com- 
\  plete  as  possible.     With  this  purpose,  I  have  examined  all  the 

Scientific  and  Agricultural  Journals  published  in  Australia,  as 
well  as  other  catalogues  and  records  of  papers  published  else- 
i  j  where  as  set  forth  in  the  appended  list.     Should,  however,  any 

}  |  genuine   record  of  Australian    Entozoa  have   been   omitted,   I 

shall  be  glad  to  have  my  attention  called  to  it,  so  that  it  may 
be  included  in  an  appendix.  It  has  not  been  possible  for  me 
to  see  a  few  of  the  papers  referred  to,  as  they  are  not  available 
in  Australia — but  by  far  the  larger  number  of  references  I  have 
;j|  seen  and  checked.     In  many  instances,  especially  in  the  Agricul- 

tural and  weekly  journals,  there  are  vague  references  to 
"  worms  "  in  various  animals,  but  without  identification  or  even 
adequate  description  from  which  to  identify  their  class.  These, 
of  course,  have  had  to  be  ignored.  Also,  in  a  number  of  cases, 
well-known  worms  are  described  for  the  benefit  of  the  public, 
but  without  any  definite  statement  of  their  occurrence  in  that 
State  or  States.  Some  few  of  the  less  indefinite  of  these  have 
been  included  here  with  an  interrogation  mark,  but  the  majority 
of  them  bear  no  evidence  of  their  definite  occurrence  in  Aus- 
j  tralia.     It  may  not  be  out  of  place  to  urge  upon  those  whose 

,'i  professional  work  brings  them  into  relation  with  these  forms. 

,J  that  even   if  the  form  be  a  well-known  one  elsewhere,  it   is 

j  necessary  that  there  should  be  a  definite  record  of  its  occurrence 

I  in  any  particular  region  or  State,  with  any  features  in  which  it 

|  may  differ,  in  structure,  habitat,  host,  etc.,  from  the  usual  con- 

\  ditions.     There  is,  further,  no  doubt  that  many  records  have 

been  made  on  general  grounds  of  naked-eye  appearance,  habitat, 
host,  etc.,  instead  of  being  based  on  a  detailed  scientific  deter- 
;  mination.     Also,  it  is  very  desirable  that  the  nomenclature  of 

these  forms  should  be  as  consistent  as  possible.     The  synonymy 
of    these    lower    groups    of    Metazoa    is    in    many    cases    most 
J  involved,  and  it  is  a  matter  of  great  difficulty  for  one  who  is  not 

completely  conversant  with  them  to  get  at  the  true  scientific 
J  name  of  very  many,  especially  in  the  case  of  the  Nematoda,  a 

group  which  seems  to  be  consistently  shunned  by  the  editors  of 
such  publications  as  Bronn's  "  Thierreich,"  etc. 
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List  of  Publications  Examined  for  Records. 

(Except  where   otherwise   stated,   all  current  periodicals  were 
examined  to  date.) 

Agassiz.     "  Catalogue  of  Books,  etc.,  in  Zoology,  Geology,  to 
1848." 

"  Australasian,"  Melbourne  (in  part). 

Australasian  Association  for  Advancement  of  Science:  Reports. 

Australian  Medical  Gazette. 

Australian  Medical  Journal. 

British  Medical  Association,  London  :  Journal  (in  part). 

Field    Naturalists'   Club   of   Victoria;    "Victorian   Naturalist," 
Melbourne. 

International  Catalogue  of  Scientific  Literature. 

Intercolonial  Medical  Journal  of  Australasia. 

Intercolonial  Medical  Congress  of  Australasia:   Transactions. 

"Leader,"  Melbourne:  (in  part). 

Linnean  Society  of  London,  Zoology  :    Index  to  Journal  of  Pro- 
ceedings, etc.,  .1838-1890. 

Linnean  Society  of  New  South  Wales  :    Proceedings. 

New  South  Wales,  Department  of  Mines  and  Agriculture : 
Agricultural  Gazette. 
Agricultural  Bulletins. 
Miscellaneous  Publications. 

Philosophical  Society  of  Adelaide:    Transactions. 

Philosophical  Society  of  New  South  Wales :    Proceedings  and 
Transactions. 

Philosophical  Society  of  North  Queensland :    Proceedings. 

Philosophical  Society  of  Queensland :   Transactions. 

Philosophical  Society  of  Victoria :   Transactions. 

Quarterly  Journal  of  Microscopical  Science :  Index  1844  to  1888. 

Queensland,  Department  of  Agriculture  : 
Agricultural  Journal. 
Agricultural  Bulletins. 
Agricultural  Reports. 

Record  of  Zoological  Literature,  1864  to  date. 

Royal  Society  of  London :  Catalogue  of  Scientific  Papers,  1800- 
1863. 
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Royal  Society  of  New  South  Wales:  Transactions  and  Journal 
and  Proceedings. 

Royal  Society  of  Queensland:  Proceedings. 

Royal  Society  of  South  Australia :  Transactions  and  Index. 

Royal  Society  of  Tasmania :  Papers  and  Proceedings. 

Royal  Society  of  Van  Diemen's  Land  (see  Tasmania). 

Royal  Society  of  Victoria:   Transactions  and  Proceedings. 

South  Australia,  Department  of  Agriculture:  Journal  of  Agri- 
culture and  Industry. 

Tasmania,   Department  of  Agriculture:    Agricultural   Gazette, 
or  Journal  of  the  Council  of  Agriculture. 

Tasmanian  Society:    Journal  of  Natural  Science,  Agriculture, 
etc. 

Victoria,  Department  of  Agriculture : 
Agricultural  Journal. 
Agricultural  Bulletins. 

Victorian  Agricultural  and  Horticultural  Gazette,  Geelong. 

Victorian  Institute  for  the  Advancement  of  Science:   Transac- 
tions. 

West    Australia,     Department    of    Agriculture :     Agricultural 
Journal. 

Wombat,  The :  or  Geelong  Naturalist. 

Zoological   Society   of   London:    Proceedings.     Index    1830   to 
1870. 
From  this  list  it  will  be  seen  that  I  have  endeavoured  to 

cover  the  whole  period  up  to  date  in  European  and  American 

literature,  and  in  more  detail,  the  Australian  publications,  any 

records  in  which  are  not  likely  to  be  included  in  such  volumes 

as  the  Zoological  Record. 
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Art.    XXIII. — The   Endoparasites    of    Australian   Stock 
and    Native    Fauna. 

Part   II. 

New  and    Unrecorded  Species. 

By   GEORGINA   SWEET,    D.Sc,    Melb.  Univ. 
Government  Research  Scholar. 

(With  Plate  XXIX). 
[Read  10th  December,  1908.] 

In  these  records,  wherever  the  description  of  the  species  is 
readily  obtainable  in  such  books  as  those  by  Neumann,  Law, 
etc.,  it  is  unnecessary  to  give  detailed  descriptions  with  the 
record,  the  latter  being  quite  sufficient ;  but  in  cases  where  the 
forms  are  less  well  known  or  the  descriptions  or  figures  necessary 
for  identification  are  not  easily  available  here,  or  where  points 
of  variation  or  special  interest  are  present,  these  details  have 
been  given  somewhat  more  fully  than  would  otherwise  have  been 
done,  for  the  convenience  of  workers  in  Australia,  where  much, 
of  the  literature  of  this  subject  is  generally  unobtainable. 

These  early  records  are  based  largely  on  a  small  store  of 
material  in  the  Museum  of  the  Biological  Department  here :  the 
name  (where  known)  of  the  collector  or  donor  of  each  set  of 
specimens  accompanies  the  individual  record.  The  material  to 
hand  so  far  has  been  preserved  in  formalin  or  ordinary  alcohol 
(70  to  90  per  cent.).  As  I  have  as  yet  received  no  living  mate- 
rial, I  have  not  been  able  to  try  other  methods  recommended  by 
various  workers.  Specimens  preserved  in  formalin  are,  as  a 
rule,  very  indifferent  for  histological  examination.  For  exam- 
ination in  bulk,  I  have  tried  the  following :  oil  of  cloves,  car- 
bolised  absolute,  xylol,  pure  glycerine,  20  per  cent,  glycerine, 
cedar  oil  and  caustic  soda :   and  have  found  all  in  a  measure 


504  Oeorgina  Sweet  : 

good.  Very  often,  however,  the  reagent  which  makes  clear  one 
structural  detail  is  useless  for  some  others,  so  that  I  always 
examine  each  species  in  several  reagents.  That  most  commonly 
used  for  Nematodes  and  most  generally  satisfactory,  especially 
where  time  is  a  consideration,  is  what  I  have  called  carbolised 
absolute — i.e.,  a  mixture  of  80  per  cent,  of  pure  carbolic  acid 
and  20  per  cent,  of  absolute  alcohol,  used  also,  I  believe,  by 
Dr.  N.  A.  Cobb.  It  is  unfortunate  that  this  substance  cannot 
be  used  for  clearing  preparatory  to  mounting  in  balsam.  For 
purposes  of  measurement  this  carbolised  absolute  is  more  satis- 
factory than  any  other  of  which  I  know,  except,  perhaps, 
caustic  soda  and  20  per  cent,  glycerine,  the  two  former  sub- 
stances retaining  the  full  size  and  shape  of  the  worm  better 
than  any  of  those  mentioned  above.  In  order  to  determine 
the  reagent  best  retaining  the  proportions  and  full  size  of  the 
animal,  I  made  a  series  of  experiments  with  Nematodes,  with  the 
following  results.  Taking  the  length  in  carbolised  absolute  as 
100  divisions  of  a  scale,  and  the  width  as  4.9  divisions,  I  found 
the  variations  to  be  as  follow :  — 


Carbolised  absolute 

100  divisions 

x   4.9  divisions. 

Caustic  soda  (50%) 

-       100 

4.8 

Glycerine  (20%)     - 

99 

4.9 

Absolute  alcohol     - 

-    96-97 

4.8 

Glycerine  (pure)     - 

95 

3.7 

Oil  of  cloves  - 

94 

4.9 

Xylol     - 

93 

4 

Cedar  oil 

87 

3 

(These  reagents  were  not  used  consecutively  on  the  same 
worm.) 

Since  evidently  there  is  less  shrinkage  and  distortion  from  the 
use  of  carbolised  absolute  than  of  the  other  reagents  mentioned, 
I  have  made  all  my  measurements  in  this  fluid. 

The  method  of  description  and  record  can  be  seen  at  a  glance. 
In  giving  the  synonymy,  it  is  rny  purpose  to  give  it  in  full 
wherever  possible,  with  the  original  dates  also,  though  in  the 
early  stages  of  this  work  it  is  not  always  practicable,  as  there 
is  so  much  of  the  literature  as  yet  unobtainable  in  Australia. 
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A.  Trbmatodbs. 

No.   1. — Paramphistomum   cervi,   Zed.,   1790. 

=  Festucaria  cervi,  Zed.,  1790. 
=  Monostoma  conicum,  Zed.,   1803. 
=  Amphistomum  conicum,  liud,  1809. 
(v.  Fischoeder,  1901,  p.  368.) 

Paramphistomum. — Numerous  specimens.  Length,  8  to  13 
mm.;  maximum  diameter,  3  to  6  mm.;  conical  in  shape,  the 
mouth  being  at  the  apex  of  the  cone.  The  body  is  occasionally 
reddish,  otherwise  cream  in  colour.  May  become  easily  de- 
tached from  the  wall  of  the  stomach  after  death  of  the  host, 
shortening  and  thickening  considerably,  often  curling  up. 

Host.  — Cow  :   reticulum  and  rumen. 

Locality. — Wangaratta,  Victoria,  August,  1908  ;  from  Mr. 
S.  S.  Cameron,  per  Dr.  Bull. 

Previous  Records. — From  New  South  Wales  and  Queensland 
(v.  pt.  i.,  Census). 

Remarks. — The  opinion  of  the  residents  of  the  locality  whence 
this  material  came — viz.,  that  it  causes  considerable  mortality 
in  cattle,  is  in  harmony  with  that  of  Zurn  (Neumann,  p.  301) 
and  Cobb  (1891,  p.  614-5);  but  I  have,  as  yet,  no  direct  evi- 
dence bearing  on  the  point.  In  this  instance  the  worms  were 
very  numerous  in  the  part  of  the  rumen  forwarded  to  me, 
averaging  one  to  every  .5  square  millimetres. 

B.  Cbstodbs. 

No.  1.— Anoplocephala   perfoliata,   Goeze. 

=  Taenia  perfoliata,  Goeze. 
(v.  Bronn's  Cestodes,  p.  1711.) 

Anoplocephala. — 21  specimens.  Length,  15  to  24  nuns. ; 
breadth,  3  to  13  mm. ;  head,  2  mm.  in  diameter,  tetrahedral 
and  rounded  with  4  dome-shaped  suckers  pointing  forwards ; 
prolonged  posteriorly  into  4  prominent  rounded  lobes,  easily 
seen  from  anterior  end.  Body  broad  and  short.  Segment* 
broad  and  thick,  but  very  short  anteriorly,  lengthening  towards 
the  posterior  end ;  each  overlaps  the  one  behind.  The  curious 
narrowing  of  the  posterior  segments  is  well  seen. 
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Host. — Horse  :  ileum  and  caecum. 

Locality.— Melbourne,  Sept.,  1908,  per  Mr.  W.  T.  Kendall. 
The  existence  of  this  tapeworm  has  previously  been  recorded 
for  N.S.W.  and  Queensland,  and  possibly  for  Victoria.  Those 
brought  to  me  represented  a  very  large  number  found  all  along 
the  ileum  and  also  in  the  caecum  of  a  horse  which  had  been 
killed  for  dissection.  The  small  intestine  is  not  so  common  a 
habitat  for  this  species  as  the  caecum.  Mr.  Kendall  states  that 
tapeworms  are  "  very  common  "  in  horses  here,  but  that  he  has 
"  never  known  them  to  produce  any  characteristic  symptoms, 
and  as  they  are  found  in  nearly  all  old  horses,  he  is  of  the 
opinion  that  they  do  little  harm." 

No.  2. — Cysticercus   pisiformis,   Zeder. 

This  simple  cystic  stage  of  Taenia  serrata,  Goeze,  has  been 
found  in  considerable  numbers  in  the  rabbits  used  in  the 
Biological  laboratory  during  1908,  and  has  also  been  sent  in 
from  numerous  other  localities,  so  that  vt  would  appear  to  be 
widespread  in  Victoria. 

Host. — Rabbit :  all  parts  of  the  peritoneum  are  subject  to  the 
presence  of  these  cysts. 

Locality. — General  in  Victoria.  Per  Mr.  A.  Hart  (Freezing 
Works),  etc. 

Previously  recorded  for  N.S.W.  and  Victoria  (v.  pt.  i.,  Census.) 

No.   3. — Echinococcus   polymorphus,   Diesing. 

=  Echinococcus  hominis. 

=  Echinococcus  multilobular  is. 

=  Echinococcus  veterinorum,  Rud. 
These  cysts  forming  the  asexual  generation  of  Taenia  echino- 
cacrus,  v.  Sieb.,  have  been  very  prevalent  in  rabbits  in  Victoria 
during  1908,  both  those  brought  to  the  Biological  Laboratory, 
and  those  used  as  food,  a  large  number  having  been  sent  to  me 
from  the  Freezing  Works.  They  have  been  found  in  almost  all 
of  the  organs  lying  in  the  abdominal  cavity,  liver,  kidney, 
uterus,  etc.,  in  the  peritoneum  and  also  in  the  muscles  of  the 
body  wall  or  limbs.  The  complexity  and  size  of  the  cysts  vary 
greatly  with  age,  while  the  cyst  wall  itself  may  be  very  thin, 
seini-transparent  and  fragile,  or  tough  and  fibrous. 
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I  have  also  received  from  the  Veterinary  College  here  the 
kidney  of  a  horse  deformed  by  two  deeply-seated  cysts  which 
appear  to  belong  to  this  species.  It  is  stated  by  Mr.  Kendall 
to  be  very  rare. 

Host. — Rabbit :  abdominal  organs  generally,  per  Mr.  Dom- 
brain,  June,  1893,  and  Mr.  A.  Hart  (Freezing  Works),  July, 
1908  ;  horse  kidney,  per  Mr.  W.  T.  Kendall,  Melbourne  Veteri- 
nary College. 

Locality. — Various  in  Victoria. 

Previously  recorded  for  Victoria  in  Man  "and  Lower  ani- 
mals "  (v.  part  i.,  Census). 

No.  4. — Coenurus   serialis  (?),    Baill. 

This  is  represented  in  this  collection  by  one  cyst,  21  mm. 
long  and  averaging  18  mm.  in  diameter.  In  the  present  cyst  the 
scolices  are  seen  to  be  arranged  in  groups  along  6  nearly  radial 
lines  on  the  inner  side  of  the  somewhat  fragile  cyst-wall.  The 
head  of  the  scolex  conforms  in  general  with  the  characters  of 
Taenia  serialis.  the  hooks  varying  in  number  from  27  to  30,  and 
in  general  shape  resembling  the  typical  hooks  of  this  species. 
In  size,  however,  the  hooks  of  this  specimen  are  much  smaller 
in  size — viz.,  the  larger  .092  mm.  long,  and  the  smaller  .064  mm. 
(as  against  .135  and  .085  mm.  and  upwards). 

Host.— Rabbit. 

Locality.- -Victoria  (?). 

Taenia  serialis  (?)  has  been  recorded  previously  from  Aus- 
tralia but  once  only,  by  Cobb,  in  a  dog  from  N.S.W.  The  hooks 
there,  however,  are  larger  than  the  typical  ones. 

C.  Nematodes. 

No.   1. — Sclerostomum   edentatum,   Lss.,    1901. 

=  Sclerostomum  equinum  (O.  F.  Mueller,  in  part)  (v.  Looss, 
'01,  p.  77). 

Sclerostomum. — Four  specimens,  all  females.  Lengths, 
33  mm.,  33  mm.,  42  mm.,  43.6  mm.,  and  thickness,  1.75  mm., 
2  mm.,  1.75  mm.  and  2  mm.  respectively.  The  greater  thick- 
ness of  the  head,  as  compared  with  that  of  the  body  generally, 
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and  given  by  Looss  as  characteristic  of  this  species,  is  clearly 
seen  in  these  specimens.  The  mouth  capsule  is  cup-shaped,  and 
contains  no  teeth.  The  elongated  triangular  shape  of  the 
"dorsal  gutter,"  as  seen  in  transverse  section  exactly  agrees 
with  that  described  by  Looss  in  his  specific  diagnosis. 
Oesophagus: — Tn  length  these  are  1.75  mm.,  1.55  mm.,  1.95 
mm.,  1.86  mm.,  and  in  thickness,  minimum  .42  mm.,  maximum 
.54  mm.  ;  minimum  .39  mm.,  maximum  .54  mm.  ;  minimum 
.33  mm.,  maximum  .48  mm.  ;  and  minimum  .4  mm.  ; 
maximum  .6  mm.  respectively.  It  will  be  seen  from  this 
that  the  oesophagus  is  rather  thinner  than  that  quoted 
by  Looss  for  Set.  edetitatum^  and  about  the  same  as  that 
of  Scl.  equinum  (s.s.)  but  on  comparing  the  transparent  head 
of  these  forms  with  Looss*  figures  (pi.  i.,  fig.  11,  etc.)  of  the  two 
species,  there  is  no  doubt  that  these  4  specimens  belong  to  Scl. 
edentatum,  quite  apart  from  other  points  of  similarity.  The 
same  relation  between  the  widths  of  oesophagus  and  body  and 
the  same  sudden  enlargements  of  the  oesophagus  behind  the 
nerve  ring,  are  here  seen. 

The  excretory  pore  opens  far  forward  on  the  head,  but  the 
cervical  papillae  are  not  visible  in  any  one  of  the  4  specimens. 
The  great  thickness  of  the  skin  is  especially  well  seen  in  two 
individuals,  and  in  all  "  the  slight  general  torsion  of  the  body 
round  its  long  axis."  The  female  opening  is,  except  in  one 
specimen,  curiously  indistinct.  In  that  one,  the  first  of  those 
named  above,  the  vulva  is  still  surrounded  by  the  peculiar  brown 
cement,  and  so  its  position,  8.25  mm.  from  the  anus,  is  clearly 
seen.  But  it  is  very  indefinite  in  each  of  the  others — it  appearo 
in  them  to  vary  between  7.5  mm.  and  11  mm.  in  front  of  the 
anus.     The  blunt  tail  of  Scl.  edentatus  is  seen  here. 

Host. — Horse  :  stomach  (and  intestines  ?). 

Locality. — Horsham,  Victoria;  June,  1903. 

Not  previously  recorded  (as  such)  in  Australia. 

No.   2.--Sclerostomum   vulgare,   Lss.,   1901. 

^=  Sclerostomum  armatum,  Rudolphi,  according  to  Poeppel 
(v.  Looss,  '01,  p.  78). 

Sclerostomum. — 14  females,  1  male.  Lengths,  male  15.6  mm., 
females    18  to  23  mm.  (average  19.3  mm.);  thickness,  male  .94 
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mm.  maximum  (average  .75  mm.),  female  .8  mm.  maximum 
(with  average  .75  mm.)  to  1.29  mm.  (with  average  1  mm.).  The 
diameter  of  the  male  is  nearly  constant  for  the  whole  length, 
while  that  of  the  female  is  greatest  in  the  middle  region  of  the 
body,  tapering  to  each  end,  but  anteriorly  truncate  and  pos- 
teriorly pointed.  No  distinction  in  size  between  the  head  and 
the  rest  of  the  body.  Buccal  cavity  cup-shaped,  widest  near 
anterior  end.  Dorsal  gutter  hemispherical  and  slightly  grooved 
in  transverse  section.  The  single  tooth  at  the  base  of  the  dorsal 
gutter  shows  the  double  earlike  lobes  typical  of  this  species. 
The  excretory  pore  and  cervical  papillae  are  rarely  seen,  but 
when  visible  are  in  the  region  of  the  nerve  ring.  The  length 
of  the  oesophagus  is — male  1.17  mm.,  female  1.3  to  1.76  mm. 
(averaging  1.5  mm.).  Its  maximum  diameter  is-  male  .3  mm., 
female  .3  to  .53  mm.  (averaging  .44  mm.)  The  bursa  of  the 
male  exactly  resembles  that  figured  by  Looss  ('01,  pi.  ii.,  fig.  18). 
The  female  opening  varies  in  position  somewhat,  being  situated 
from  5.25  mm.  to  7.48  mm.  from  the  posterior  extremity.  As 
stated  above,  the  tail  is  pointed,  differing  in  this  from  Scleros- 
tomum  ed-ent-atum.  From  this  description  it  may  be  seen  that 
these  individuals  exactly  agree  with  the  description  given  by 
Looss  of  Schrostomum  vulgar  t,  in  all  respects  except  some  of 
the  measurements,  where  slight  differences  are  found.  Thus  in 
some  of  the  females,  the  vulva  is  somewhat  nearer  the  posterior 
end,  in  the  male  the  length  of  the  oesophagus  is  slightly  less, 
and  the  maximum  diameter  of  the  oesophagus  is  a  little  greater 
than  those  quoted  by  Looss  for  Scl.  vulgar e.  But  these  points 
are  not  by  any  means  sufficient  to  invalidate  this  identification, 
in  view  of  the  great  number  of  details  in  which  there  is  a 
complete  agreement  with  the  diagnosis  given  by  Looss. 

Host. — Horse  :  stomach  (and  intestines  ( 1)  ). 

Locality. — Horsham,  Victoria,  June,  1903. 

No  previous  record  for  Australia. 

No.   3.— Triodontophorus   intermedius,   n.  sp. 

(See  Plate  XXIX.,   Figs.   1,   2,  3). 

This   species   in   some   respects    combines   the   characters   of 
Triodontophorus  minor  and  Tr.  serratus,  Looss  ('01,  p.  78) ;  in 
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others  it  comes  intermediate  between  those  two  species.  One 
is  tempted  at  first  sight  from  some  of  the  linear  proportions 
to  regard  it  as  an  immature  form  of  Tr.  serratus,  but  that  is 
seen  to  be  out  of  the  question  on  examination  of  the  reproductive 
organs,  which  are  fully  mature.  On  the  whole,  it  is  more  satis- 
factory to  separate  it  from  that  species.  So  far  as  the  material 
in  hand,  consisting  of  three  females,  is  concerned,  its  specific 
characters  appear  to  be  the  following :  — 

Triodontoyhoru*. — Length,  $  16.9  to  20.25  mm.  (average  18.4 
mm.) ;  maximum  diameter  ?  .6  to  .83  mm.,  average  diameter 
.48  to  .66  mm.,  so  that  the  body  is  somewhat  more  slender  than 
either  Tr.  minor  or  Tr.  serratus,  and  also  more  pointed  both 
anteriorly  and  posteriorly.  Head  not  usually  separated  from 
body.  Mouth  collar,  as  in  Tr.  terrains,  not  appreciably  de- 
pressed. Parts  of  external  leaf-crown  and  capsule  teeth  36  to 
4:4:.  Mouth  capsule  .12  to  .15  mm.  in  length,  and  usually  about 
.15  mm.  in  extreme  diameter.  It  is  therefore  generally- 
similar  in  shape,  though  not  size,  to  that  of  Tr.  serratus,  but  in 
the  case  of  the  longest  specimen,  which  is  similar  to  or  inter- 
mediate between  the  remaining  two  individuals  in  other  re- 
spects, the  capsule  was  longer  and  narrower,  as  in  Tr.  minor, 
though  differing  in  size  from  that,  being  .15  mm.  in  length, 
and  only  .11  mm.  in  diameter.  Teeth  generally  .04  mm.  long, 
as  in  Tr.  minor,  but  showing  the  more  serrated  edge  found 
elsewhere  in  Tr.  serratus.  In  the  longest  individual — that  men- 
tioned above — the  teeth  were  .048  mm.  long,  and  the  denticula- 
tion  of  their  anterior  edges  was  not  so  marked  as  in  the  other 
two  individuals.  Oesophagus,  same  general  shape  and  average 
length  as  in  Tr.  minor;  maximum  diameter  .16  to  .21  mm., 
minimum  .07  to  .084,  i.e.,  slightly  thicker  than  Tr.  minor, 
and  less  than  in  Tr.  serratus.  Excretory  opening  as  in  the  two 
original  species,  i.e.,  just  behind  the  nerve  ring.  The  cervical 
papillae  appear  much  nearer  the  median  ventral  line  than  in 
Tr.  minor  or  Tr.  serratus. 

Female  opening  1.32  to  1.54  mm.  from  tip  of  tail,  and  anus 
.28  to  .31  mm.  from  tip.  In  each  of  these  respects  this  species 
is  intermediate  between  Tr.  minor  and  Tr.  serratus.  In  general 
appearance  the  tail  more  closely  resembles  that  of  Tr.  serratus 
than  that  of  Tr.  minor. 
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Host. — Horse:   stomach  (and  intestines  (?)). 

Locality. — Horsham,  Victoria ;  June,  1903. 

Two  types  in  the  museum  of  the  Biological  Department  of  the 
University  of  Melbourne. 

Remarks. — The  marked  intermediate  character  of  these  three 
specimens  raises  a  suspicion  in  one's  mind  as  to  the  validity  of 
the  separation  of  the  forms  described  as  Tr.  minor,  Tr.  serratus 
and  Tr.  intermedins,  into  distinct  species.  But  in  view  of  the 
small  amount  of  material  of  Tr.  inter medius  available,  and  of 
the  geographical  isolation  of  this  country,  it  has  seemed  wiser  in 
the  interests  of  clearness  to  make  a  new  species  of  these  three 
specimens,  the  only  representatives  of  the  genus  yet  known  in 
Australia.  Unfortunately  the  material  was  in  a  very  unsuitable 
condition  for  histological  examination. 

No.   4. — Cylichnostomum    poculatum,   Lss.,    1901. 

Cylichnostomum. — 1  female.  Length,  9.6  mm.  Head  not 
constricted  off  from  body ;  skin  annulated.  Mouth  collar  flat- 
tened, and  cut  off  from  skin.  External  leaf-crown  has  approxi- 
mately 36  long,  fine  teeth,  with  tips  projecting  beyond  mouth- 
collar.  Submedian  head-papillae  long,  flattened,  and  with  tips 
apparently  constricted ;  lateral  head-papillae  not  conspicuous. 
Depth  of  mouth  capsule  equal  to  its  external  diameter ;  walls 
thin  anteriorly  but  becoming  thicker  posteriorly.  Internal  leaf- 
crown  typical,  the  elements  being  short  and  thick.  Dorsal 
gutter  conspicuous  but  short.  Excretory  pore  and  cervical 
papillae  in  region  of  nerve-ring.  Oesophagus,  length  .84  mm., 
maximum  diameter  being  .13  mm.,  and  minimum  diameter  .078 
mm.  Transverse  section  of  intestine  oval,  being  flattened 
laterally.  Tail  long,  broad  at  base  and  tapering  to  tip.  Anus 
.33  mm.  from  tip  and  .156  mm.  behind  vulva. 

Host. — Horse:   stomach  (and  intestines  (?)). 

Locality. — Horsham,  Victoria ;  June,  1903. 

Not  previously  recorded  from  Australia. 

No.  5. — Cylichnostomum  sp.  (c.f.  poculatum),  Lss.,  1901. 

Associated  with  the  specimen  just  described  of  C.  poculatum 
was  another  individual  (female)  10  mm.  long,  having  in  general 
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the  specific  characters  of  that  species,  but  differing  in  one  or 
two  linear  dimensions  which  vary  in  such  a  way  as  to  make  it 
probable  that  it  may  represent  a  new  species  not  included  in 
those  described  by  Looss.  But  in  view  of  the  paucity  of 
material,  and  of  the  fact  that  the  head,  which,  however,  appears 
to  resemble  that  of  C.  poculatum,  is  badly  damaged,  it  is  wiser 
at  present  to  regard  this  individual  as  a  variety  allied  to  this 
species.  The  points  in  which  it  shows  a  difference  from  the 
species  named  are  as  follow :  — Oesophagus,  length  .7  mm. ;  dis- 
tance from  anus  to  tip  of  tail,  .42  mm.  Vulva  .07  mm.  in  front 
of  anus :  i.e.,  the  oesophagus  is  1  mm.  shorter  in  a  longer 
individual  of  the  same  sex,  preserved  together  and  apparently 
of  similar  condition  of  maturity  ;  the  tail  also  is  .12  mm.  longer 
than  the  longest  recorded  of  the  original  species,  while  the 
distance  between  anus  and  vulva  is  only  two-fifths  of  that  of 
C.  poculatum.  These  variations  do  not  appear  attributable  to 
distortion  during  preservation,  since  Nos.  4  and  5  have  been 
preserved  together  throughout,  or  to  individual  variations  of  any 
kind,  since  they  do  not  show  any  conformity  with  each  other. 

Host. — Horse:  stomach  (and  intestines  (?)). 

Locality. — Horsham,  Vic. ;  June,  1903. 

Not  previously  recorded  from  Australia. 

No.   C— Cylichnostomum   sp. 

Another  of  this  series  of  specimens  is  a  small  agamous 
Cylichnostome,  which,  I  believe,  belongs  to  C.  poculatum,  but 
which  is  hard  to  determine  owing  to  the  much  contracted  con- 
dition of  the  head  region,  and  the  absence  of  reproductive  organs 
and  opening.  The  chief  determinable  features  of  specific  value 
are  us  follow :  -Length  of  worm  4.8  mm.,  extreme  diameter 
.18  mm.  Length  of  mouth  capsule  equal  to  greatest  diameter. 
Walls  thin  anteriorly,  becoming  thicker  posteriorly,  curved  to 
form  a  much  swollen  cylinder.  Dorsal  gutter  short.  Oeso- 
phagus, length  .276  mm.,  maximum  diameter  .036  mm.,  mini- 
mum diameter  .024  mm.  The  intestine  is  abnormal  in  showing 
no  sign  of  pigmentation.  Anus  .12  mm.  from  tip  of  tail,  which 
tapers  from  the  somewhat  broad  base  to  the  tip.  No  repro- 
ductive organs  or  openings  are  present. 
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Until  further  material  is  available  for  comparison,  I  prefer  to 
regard  this  as  of  indetermined  species,  but  probably  a  small 
agamous  Cylichnostomum  pomlatum. 

Host. — Horse  :  stomach  (and  intestines  ( ])  ). 

Locality. — Horsham,  Victoria  ;  June,  1903. 

No.  7. — Cylichnostomum   calicatum,    Lss.,   1901. 

The  last  of  this  series  of  specimens  consist  of  4  individuals  of 
Cylichnostomum,  3  males  and  1  female.  Length  of  males  5.52 
to  6.06  mm.,  extreme  thickness  .21  mm.;  female  6.06  mm.  long 
and  .24  mm.  maximum  diameter.  Head  slightly  tapering  an- 
teriorly, but  not  constricted  off  from  body.  Mouth  collar 
slightly  flattened,  but  less  so  than  in  C .  poculatum,  set  off  from- 
rest  of  head.  External  leaf-crown  consists  of  8  to  10  broad  parts 
with  rounded  tips,  which  project  slightly  beyond  mouth  collar. 
Submedian  head  papillae  long,  with  broad  bases  and  tips  con- 
stricted off.  Lateral  papillae  small.  Mouth  capsule  as  long  as 
it  is  wide,  cylindrical,  with  almost  straight  walls,  which  are 
thicker  than  in  C.  poculatum.  The  elements  of  the  leaf-crown 
are  short  and  stout,  and  project  from  the  anterior  margin  of  the 
mouth  capsule.  The  dorsal  gutter  is  very  long  and  generally 
seen  projecting  nearly  to  the  anterior  margin  of  the  buccal 
capsule.  The  cervical  papillae  in  one  case  were  between  the 
nerve-ring  and  excretory  pore,  as  is  t}'pical,  otherwise  all  three 
organs  were  nearly  in  the  same  place.  Oesophagus. — This  is 
somewhat  disproportionately  shorter  that  the  original  description 
gives,  viz.,  .33  mm.  in  the  male  and  34  mm.  in  the  female,  but 
the  ring-like  enlargement  of  its  anterior  end  is  well  seen. 
The  maximum  thickness  of  the  oesophagus  varies  from  .06  mm. 
in  the  male  to  .078  mm.  in  the  females,  its  minimum  thickness 
being  .03  mm.  in  the  male,  and  .042  mm.  in  the  females. 

The  characters  of  the  bursa  in  the  male  show  no  marked 
difference  from  the  figure  given  by  Looss  [loc.  cit.,  pi.  ix.,  fig. 
117],  while  all  tHe  characters  of  the  head  end  are  in  complete 
agreement  with  both  original  description  and  figures.  The  tail 
of  the  female  is  very  short  (.06  mm.),  pointed,  and  cut  off 
abruptly  from  the  body.  Distance  of  vulva  from  anus  .07  mm. 
(i.e.,  shorter  in  these  worms  proportionately  to  their  shorter 
length).  9 
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Host. — Horse:  stomach  (and  intestines  (?)  ). 

Locality. —Horsham,  Victoria;  June,  1903. 

No  previous  record  for  Australia. 

It  is  worthy  of  note  that  all  the  Nematode  species  recorded 
here,  up  to  this  point,  were  obtained  together  from  the  one 
horse,  and  of  course  may  have  been  accompanied  by  others — 
certainly  a  most  varied  fauna  in  comparison  with  its  small 
total  number — viz.,  3  genera,  5  definite  species  and  two  others 
indefinite,  in  a  total  of  29  individuals.  It  will  be  noticed  that 
the  habitat  given  for  all  these  preceding  forms  differs  from  that 
given  by  Looss — thus  all  the  species  of  Scleroslomum  and 
Cylichno8tomum,  and  Triodontophorua  sp.rratvs  are  found 
normally  in  the  caecum,  and  the  1st  third  of  the  large  loop  of 
the  colon,  7V.  minor,  living  in  the  last  part  of  the  colon.  Here, 
however,  the  information  accompanying  the  material  is 
"  stomach  (and  intestines  (?))  of  horse."  Also  as  regards 
Triodontophorus,  Looss  remarks  that  the  individuals  are  "  very 
constantly  found  firmly  fixed  to  the  mucous  membrane  of  the 
host's  intestine.''  Whether  any  of  my  specimens  were  so 
attached  when  found,  I  am  unable  to  say,  all  the  specimens  on 
which  these  records  (Nematodes  Nos.  1-7)  being  preserved  free 
in  a  glass  tube,  and  unaccompanied  by  any  information  on  this 
point. 

No.   8. — Ascaris    megalocephala,   Cloq; 
=  Ascaris  eqnorum,  Goeze. 

Fifty-one  specimens  of  this  common  species  of  other  countries 
were  brought  to  me  from  the  intestines  of  a  horse.  Their 
length  varied  from  17-23  cm.,  their  diameter  from  4-7  mm. 
The  males  and  females  were  in  nearly  equal  numbers.  Owing 
to  their  having  been  kept  for  some  time  before  reaching  me, 
they  showed  a  tendency  to  contract  greatly  on  being  put  into 
formalin  and  spirit,  the  body  walls  shrinking  away  in  many 
cases  from  the  cuticle.  The  head  end,  unlike  the  tail,  did  not 
leave  the  cuticle,  but  became  sharply  bent  vent  rally,  so  that 
often  the  mouth  was  directed  posteriorly  instead  of  anteriorly. 
The  general  characteristics  of  these  specimens  aie  normal.  A 
number  of  individuals  have  been  picked  up  in  various  parts. 
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One  of  these,  a  female,  was  only  14A  cm.  long  and  4  mm.  in 
diameter ;  another  female  found  in  the  scrub  in  Tasmania  was 
37  cm.  long  and  10  mm.  in  extreme  diameter,  while  the  third,  a 
male  picked  up  near  the  horse-market  in  Parkville,  Victoria,  was 
27  cm.  long  and  8  mm.  in  diameter.  The  female  opening  in  all 
cases  was  almost  exactly  \  of  the  body  length  from  the  anterior 
end. 

Host. — Horse  :  intestines. 

Locality. — Abattoirs,  Newmarket,  July,  '06.  per  Mr.  J. 
Robertson ;  Camberwell,  Vic,  1904,  and  Parkville,  Vic,  1904, 
and  Tasmania,  1905. 

Previously  recorded  from  South  Australia,  New  South  Wales, 
and  Bismarck  Archipelago,  and  probably  Victoria  (see  Part  I., 
Census). 

No.  9.  — Ascaris   lumbricoides,    L.,    1T58. 

This  common  parasite  of  man  is  represented  in  this  collection 
by  18  worms,  chiefly  female,  sent  from  the  Children's  Hospital. 
The  specimens  are  normal  in  character,  except  that  some  apparently 
immature  are  below  the  usual  size.  The  males  vary  from  10  to 
14  cm.  in  length,  and  3  to  5  mm.  in  diameter  ;  the  females  from 
13£  to  30  cm.  in  length  and  4  to  6  mm.  in  diameter.  The 
teeth  and  sense  papillae  on  the  oral  lips  are  not  at  all  easily 
seen,  though  they  can  be  detected  in  a  few  cases.  The  female 
opening  is  situated  typically  at  one-third  the  body  length  from 
the  anterior  end.  The  tail  of  the  male  tends  to  coil  ventrally  in 
a  vertical  plane.  The  two  spicula  are  equal  in  length  and 
similar  in  shape. 

Host. — Child :  no  details  of  habitat  are  given,  but  presum- 
ably the  worms  were  found,  as  usual,  in  the  small  intestine. 

Locality. — Melbourne,  1897,  per  Dr.  Officer. 

No  previous  definite  record  for  Australia,  though  doubtless 
well  known. 

No.    10. — Ascaris    can  is,  Werner,    1782. 

=  Lumbricu8  canis,  Werner,  1782. 

—  Ascaris  teres,  Goeze,  1782. 

=  Ascaris  cati  et  caniculce,  Schrank,  1788. 
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=  Ascaris  canis  et  felts,  Gmelin,  1789. 
=  Ascaris  tricuspidata  et  felis,  Brugiere,  1791. 
=Ascarti  werneri,  Rudolphi,  1793. 
=  Fusaria  mystax,  Zeder,  1800. 
=  Ascaris  marginata  et  mystax,  Rud.,  1802. 
=  Ascaris  alata,  Bellingham,  1839. 
(v.  Braun,  '06,  p.  336.) 

Sixty-five  specimens,  forty  female,  twenty-five  male.  These 
are  distinctly  reddish  in  tint.  The  females  vary  in  length  from 
7J  to  10£  cm,,  and  the  males  from  5  to  84  cm.  The  head  of 
both  sexes  shows  the  characteristic  curve,  the  tail  of  the  male 
being  curved  in  U  turns  or  less.  The  membranous  wings  on 
either  side  of  the  head  are  very  conspicuous  in  some  specimens 
and  may  have  crinkled  edges  when  large.  The  membranous 
wings  on  the  tail  are  not  very  marked.  In  addition  I  have  two 
specimens  from  a  cat,  one  a  male,  measuring  5.5  cm.,  the  other 
a  female  9  cm.  long.     These  are  creamy  white  in  colour. 

Host. — Dog  and  cat :  intestine. 

Locality. — Not  known,  Victoria  probably. 

Previously  recorded,  only  as  Ascaris  mystax,  from  cat,  New 
South  Wales  (v.  Part  I.,  Census). 


No.    11.    -Ascaris    marina    (Linn.).       (Immature). 

=  Gordius  marinus^  Linnaeus,  1766. 

=  Cucullanus  safaris,  Goeze,  1782  (?). 

=  Gordius  harengum^  Bloch,  1782. 

=  Cucullanus  lacustris,  vnr.  Solaris,   Gmelin,  1788. 

=  Ascaris  marina,  Gmelin,  1788-1793. 

=  Ascaris  h  alec  is,  Gmelin,  1788-1793. 

=  Cucullanus  halecis,  Fabricius,   1794. 

=  Filar ia  marina,  Rathke,  1799. 

=  Ascaris  capsularia,  Rud.,  1801  (pt.  i.,  etc.). 

=  Filaria  capsular  ia-,  Rud.,  1801  (pt.  ii.  and  iii.,  etc.). 

=  Spiroptcra  hominis,  Rud.,  1801  (?) 

=  Caj>sularia  halecis,  Zeder,  1803  and  1820 

=  Capsular  ia  tri  nodosa,  Zeder,  1803. 
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=  Fusaria  marina,  Zeder,  1803. 

=  Filaria  piscium,  Rud.,  1808-1810,  etc. 

=  Cap8ularia  salaris,  Zeder,  1820. 

=  Strongylus  gigus  (young),  BreniRer,  1824  (?) 

=  Spiroptera  rudolphi,  Delle  Chiaje,  1825  (?) 

=  Filocapsularia,  Deslongchamps,  1791  to  1827. 

=  Agamonema  piscium,  Diesing,  1850-1. 

=  Agamonema  capsularia,  Diesing,  1850-1. 

=  Filaria  (?)  marina,  Baird,  1853. 

(see  pi.  XXIX.,  figs.  4,  5,  6,  7). 

The  specimens  on  which  this  record  and  description  are  based 
were  forwarded  to  me  by  Dr.  A.  A.  Brown,  of  the  Victorian 
Department  of  Agriculture,  through  the  courtesy  of  Mr.  S.  S. 
Cameron,  Chief  Veterinary  Officer  for  Victoria.  These  Nema- 
todes, which  '  Dr.  Brown  has  named  in  the  daily  press 
"  Strongylus  spiralis  piscium,"  are  apparently  very  prevalent  in 
Victorian  fish,  being  found  in  the  peritoneum.  The  mass  (f5  by 
20  mm.)  in  my  possession,  which  was  taken  from  Barracouta, 
consists  of  approximately  60  worms,  each  individual  tightly 
coiled  in  a  flat  spiral  about  3  mm.  in  diameter,  and  having  2 \  to 
3A  coils,  these  coils  being  arranged  in  3  to  5  layers  thick.  They 
are  whitish  in  colour  and  opaque.  Surrounding  each  is  a  some- 
what loose  covering,  and  the  mass  is  bound  together  by  a  tough 
fibrous  capsule,  which  encloses  each,  and  makes  it  a  matter  of 
considerable  difficulty  to  separate  them  from  one  another,  especi- 
ally as  the  rigidity  of  the  body  causes  the  worm  to  break  rather 
than  uncoil.  As  stated  above,  each  is  enclosed  in  a  loose, 
slightly  wrinkled  cuticle-like  investment  which  can  be,  with 
care,  drawn  straight  off  from  the  anterior  or  posterior  end  of 
the  contained  animal  like  a  glove  finger,  leaving  the  entire 
animal  behind ;  also,  the  main  features  of  the  animal  can  be 
seen  through  this  membrane,  which  assumes  the  external  shape 
of  the  enclosed  worm. 

The  several  dimensions  of  the  body  of  three  typical  individuals 
are  as  follow  : — 
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Length        -         -  -         -  2 

Diameter  of  head 

„  „  1  mm.  back 

Maximum  diameter  of  body  (near 

middle  . 

Length  of  (esophagus  - 
Length  of  intestinal  diverticulum 
Diameter  of   body,    1    mm.    from 

posterior  end 
Diameter  at  anal  aperture  - 
Tail  (anus  to  tip)  length 

The  body  tapers  both  anteriorly  and  posteriorly,  but  more 
gradually  anteriorly.  The  head  end  is  also  often  less  sharply 
coiled  than  the  remainder  of  the  body.  The  tail  is  short  and 
conical,  the  extreme  tip  being  mucronate  with  transverse  ridges. 
The  body  has  regular  and  tine  transverse  striations.  On  the 
head  one  can  occasionally  make  out  a  more  or  less  rudimentary 
division  into  3  lips,  which,  however,  is  often  quite  obscure. 
Only  rarely  are  head  papillae  visible,  but  on  the  anterior  face 
of  the  head  is  a  minute  conical  spine  with  spreading  base, 
resembling  in  outline  that  of  the  spine  on  a  placoid  fish  scale, 
the  obtuse  apex  being  directed  outwards.  No  alae  are  to  be 
seen  as  a  rule  (though  one  specimen  has  one  .033  mm.  in  width, 
the  tail  of  this  form  being  short),  nor  postanal  nor  preanal 
papillae. 

In  the  three  specimens  of  which  the  sizes  are  given  above,  A 
with  a  short  tail  has  no  papillae  and  very  indistinct  lips,  B, 
also  with  a  short  tail,  has  3  distinct  lips  and  rudimentary 
papillae,  C  with  a  long  tail  has  no  papillae  and  fairly  distinct 
lips. 

A  well-marked  diverticulum  passes  forwards  from  the  intestine 
where  it  joins  the  constricted  oesophagus,  and  lies  alongside  the 
latter.  The  diameter  of  this  diverticulum  is  greater  than  that 
of  the  intestine  itself,  and  completely  hides  the  oesophagus  from 
view  where  it  is  present.  No  reproductive  organs  could  be 
detected.     I  have  been  unable  to  find  any  pearl-like  concretion 
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in  the  middle  of  the  coiled  animal,  such  as  that  described  and 
figured  by  J.  Johnstone  from  the  gurnard  (1905,  p.  297).  On 
reference  to  the  work  of  Cobbold,  Leidy  and  others,  especially 
that  of  Prof.  Linton  (U.S.A.),  it  is  evident  that  these  encysted 
nematodes  are  very  closely  allied  to,  if  not  the  same  species  as, 
*  those  found  4l  encysted  and  encapsuled  "  in  the  peritoneum  in 
such  fish  as  herring,  mackerel,  cod,  salmon  and  shad,  in  the 
Northern  Hemisphere.  The  cuticular  covering  described  above 
is  the  embryonic  cuticle  in  which  these  worms  are  still  enclosed, 
the  enclosed  worm  being  apparently  an  immature  Ascaris,  the 
jaws,  etc.,  of  which  are  insufficiently  developed  to  allow  of  exact 
specific  determination.  The  varying  stages  of  development 
found  in  the  mass  at  my  disposal  resemble  closely  those  found 
by  Linton  in  different  fishes,  in  (loc.  cit,  1901),  pi.  x.,  fig.  115  ; 
pi.  xi.,  figs.  121,  127;  pi.  xii.,  figs.  132,  143;  pi.  xiii.,  figs.  148, 
162,  163  ;  pi.  xiv.,  figs.  168,  179,  181,  the  most  characteristic 
resembling  figs.  143,  162,  163,  168,  179  and  181,  from  a  number 
of  different  fishes.  I  have  found,  also,  that  the  same  individual 
will  give  a  different  appearance  of  developmental  stage  of  the 
anterior  end  according  to  the  clearing  reagent  used.  Those 
drawn  by  myself  were  cleared  in  carbolised  absolute.  As  it  is 
unlikely  that  the  young  of  different  species  would  be  so  closely 
and  similarly  intertwined  with  each  other,  it  seems  highly  prob- 
able that  some  at  least  of  Linton's  "  Ascaris  spp.  immature  " 
will  be  found  to  be  different  stages  of  the  same  species. 

Now  as  to  the  name  to  be  applied  to  these  forms.  In  the 
British  Museum  Catalogue  of  Entozoa  (1853)  are  records  and 
synonyms  by  Dr.  Baird  of  2  Nematodes  found  in  the  peritoneum 
of  fish — viz. :  — 

Filaria  (?)  marina  (page  7). 

=  Gordius  marinus,  Linnaeus,  etc. 

=  Gordius  harengum,  Bloch. 

=  Ascaris  marina.  Ginelin. 

=  Ascaris  halecis,  Gnielin. 

=  CucuIIanus  halccis*  Fabricius. 

=  Capsularia  halecis,  Zeder. 

=  Fusaria  marina%  Zeder. 

=  Filaria  marina*  Ratlike. 

=  Filaria  capsularia,  Rudolphi,  etc. 
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=  Filaria  piscium,  Rudolphi,  etc. 
=  Fil  oca  psul  aria  *  Peslongchamps, 
from  peritoneum  of  shad,  etc. 

And,  on  page  22,  Ascaris  capsulariay 
=  CucuUanus  safaris,  Goeze. 
=  CucuUanus   lamstris%  v    Wm-w,    Gmelin. 
=  Capsularia  salaris,  Zeder. 
=  Ascaris  capsularia,  Rudolphi,  etc. 
=  (yaj>sularia  tri nodosa,  Zeder, 
from  abdominal  organs  and  peritoneum  (I)  of  Coryphene. 

Leidy  in  his  Synopsis  of  Entozoa  (1856,  p.  42-58)  gives 
Agamnncma  capsularia  ( /),  Diesing,  as  found,  as  well  as  in  the 
intestines,  "  coiled  in  sacs  of  peritoneum  "  of  shad,  herring,  etc., 
and  having  as  characteristics,  "  Body  slender,  most  narrowed 
anteriorly,  mouth  small,  circular,  surrounded  by  an  undivided 
lip.  Tail  short,  obtusely  conical,  minutely  mucronate,  etc." — 
a  description  which  closely  tits  the  less  developed  of  my 
forms. 

In  Cobbold's  "  Entozoa,"  p.  406,  we  find :  — 

Spiroptcra  horn  in  it*  Rud.,  Owen,  Duj.  and  others. 
=  Spiropttra  rudolphi,  Delle  Chiaje. 
=  Strongylu*  tjitjas  (young  oO.  Bremser. 
=  Filaria  piscium.  Rud..  Siebold,  Schneider,  etc. 
=  Curd  i  us  marinus.  Linmeus. 
=i  Agamotuma  piscium*  Diesing. 
with    the  cod    and    haddock   as   luwts    (ami,    doubtfully,    man); 
the  description  given  by  Schneider  of  this  form  ("62.  p.  302; 
being  "  Asexual  nematoid  in  abdominal  cavity,  and  among  the 
muscles  of  several  marine  fishes,"  and  having  3  indistinct  labial 
lobes,  one  of  which  supports  a  tooth.  "  the  oesophagus  having 
posteriorly   a   caeca!   prolongai ion."     This  agrees  villi  some  of 
my  specimens,  as  regards  the  head  at  all  events, 

Oohbold  (I860,  p.  :*»o*  further  records  the  finding  of  FUaria 
•\ij**u!ario  on  liver  of  hemp  fish,  in  Manchester. 

Leidy  tlSTS,  p.  171  \  mentions  Filaria  cap*ufariam  Rudolphi. 
a<  a  synonym  of  .4  r;,  :«!<••;*  h«i  atp<»ti<iriam  Diesing — found  »n 
Eur^tv  :r.  ::'.e  V.err  r.-j\  ma.keivl.  v-od.  salmon.  e;o.„  and  in 
A"  er\a  in  shrd  and  Lcrrinc 
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In  1888  \?e  find  a  record  by  Linton  (p.  454)  of  Agamonema 
capsularia,  Diesing,  ''encysted  and  encapsuled  in  peritoneum," 
especially  in  Lophius,  sp. 

In  1888,  also,  Leidy  (1888,*  p.  166-168)  adds  the  Rock  fish  to 
the  list  of  hosts  of  Agamonema  capsularia.  In  the  same  year, 
Leidy  (1888,2  p.  211-217)  gave  Agamonema  capsularia,  Die- 
sing,  as  a  synonym  for  Gordius  marinus,  Linnaeus,  which  he 
finds  encysted  in  peritoneum  around  the  stomach  and  intes- 
tines, etc.,  often  forming  "  flat  and  close  spiral  coils  on  viscera 
or  appended  to  them."  In  this  same  paper  he  gives  the 
Agamonema  of  the  Herring  as  differing  in  several  details  from 
that  of  the  shad — and  according  to  his  description  neither  of 
these  exactly  resembles  the  specimens  herein  described. 

These  encapsuled  and  immature  Nematodes  have  been  dealt 
with  still  more  fully  since  that  date  by  Linton.  Thus  in  1895 
(p.  Ill)  he  says: — "  I  have  been  able  to  refer  some  of  them  to 
species  described  by  Leidy  and  others.  Some  agree  super- 
ficially with  Agamonema  communis,  for  example,  but  upon 
closer  examination  will  be  found  to  be  covered  by  a  thin  in- 
vestment which  itself  bears  the  distinguishing  characters  of 
Agamonema,  while  within  this  investment  is  a  nematode  which 
is  plainly  an  immature  Ascaris."  This,  as  may  be  seen  on  com- 
parison with  the  description  of  these  Victorian  forms,  is  exactly 
what  I  have  found  here.  Linton  continues:  "Specifically  iden- 
tical forms  may  be  encysted  in  the  body  cavity,  and  free  in  the 
intestine  of  the  same  fish."  Ascaris  capsularia  is  also  re- 
corded by  Zschokke  (p.  775)  as  present  in  Sal  mo  salsar  (peri- 
toneum). In  a  later  Bulletin  (1899,  pp.  267,  407,  etc.),  Linton 
states  in  addition  that  these  young  Ascarids  are  too  doubtful  in 
specific  characters  to  enable  one  to  give  them  specific  names, 
as  the  individuals  in  the  same  host,  at  the  same  time  and  place, 
may  differ  considerably  from  one  another.  That  also  is  true  of 
my  specimens.  Agamonema  capsularia  and  Ascaris  capsularia 
are  definitely  accepted  as  synonyms  by  Linton  (1901,  p.  444) 
when  considering  the  numerous  parasites  found  in  the  fishes  of 
the  Woods  Holl  Region.  This  makes  the  chain  of  synonymy 
complete,  as  given  at  the  head  of  this  section.  Thus,  according 
to  Dr.  Baird  and  Cobbold,  Gordius  marinus,  Linn.  =  Filaria 
piscium,    Rud.,    each    of    these    being    synonyms    of      Filaria 
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capsularia,  Rud.  (v.  Dr.  Baird).  Leidy  gives  Filaria  cap- 
tularin,  Rud.  =  Agamonetna  capsularia,  Dies.,  and  Gordius 
marinus,  Linn.  =  Agamonetna  capsularia.  Dies ;  while  Linton, 
in  giving  Agamonetna  capsularia,  Dies.  =  Ascari*  capsularia, 
Rud.,  links  on  the  synonyms  of  Ascaris  capsularia,  Rud. 
Numerous  other  references  have  been  consulted  in  this  connec- 
tion, but  as  they  simply  corroborate  what  has  been  given  above, 
and  add*  nothing  fresh  to  the  discussion,  I  have  omitted  them. 
It  would  thus  appear  that  the  name  for  this  admittedly  inde- 
finite species  should  be  Ascaris  marina  (Linn.),  and  as  I  have 
not  been  able  to  discover  any  reason  why  Linnaeus'  species 
has  been  rejected,  especially  by  Leidy  (who  calls  attention  to 
its  synonymy),  I  have  used  this  as  being  the  more  correct 
name,  in  preference  to  the  commonly  accepted  name,  Ascark 
capsularia,  Rud. 

Possibly  there  has  been  a  confusion  of  a  number  of  species 
very  closely  related  in  general  appearance  and  habit.  Linton 
only  regards  them  as  Ascaris  species,  their  immaturity  and 
the  variability  they  display  even  where  the  differing  specimens 
are  almost  certainly  of  one  species,  rendering  it  difficult  to  dis- 
tinguish them  specifically.  Much  of  this  variability  is  doubtless 
simply  due  to  difference  in  the  stage  of  development,  so  that 
the  number  of  adult  species  represented  by  these  varying  forms 
will  be  very  much  less  than  appears  at  first  sight  when  exam- 
ining them. 

As  the  early  descriptions  given  by  Leidy  of  Agamonetna  cap- 
sularia, Dies.  (Gordius  marinus,  L.)  so  closely  agree  with  the 
forms  in  my  possession,  it  seems  justifiable  to  designate  them 
Ascaris  marina,  Linn.,  even  in  the  light  of  the  possibility 
of  several  species  being  confused  under  one  specific  name,  and 
the  impossibility  of  my  being  able  to  determine  at  present  the 
exact  original  form  described  under  the  specific  name  of 
marinus,  At  the  best,  the  name  is  one  given  to  an  immature 
Ascarid. 

Host. — Barracouta. 

Locality.— Port  Phillip,  Victoria ;  Nov.,  1908. 

No  previous  record  from  Australia. 
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No.   12. — Gongylonema  scutatum,  Leuckart,  1876. 

There  has  come  into  ray  hands  from  Mr.  Robertson,  Govern- 
ment Veterinary  Surgeon,  per  Mr.  S.  S.  Cameron,  a  bottle 
containing  "  Portion  of  Rumen  of  Cow,  worm  attached,  Sept., 
'98,"  and  bearing  an  additional  label  with  the  following  note : 
— "  Gongylonema  scutatum  (Leuckart,  1876),  natural  habitat 
oesophagus — no  previous  record  as  being  in  Rumen  (Neumann, 
'98),"  this  specimen  having  been  identified  by  Neumann  in 
1898.  As  I  have  been  unable  to  find  any  record  of  the  occur- 
rence of  this  worm  in  Australia,  I  am  including  it  here. 

There  are  2  specimens,  both  females,  one  unattached  being 
12  cm.  long,  the  other,  of  which  the  anterior  part  is  embedded 
in  the  wall  of  the  rumen,  has  an  exposed  length  of  7  cm.  The 
cuticular  plates  around  the  otherwise  unarmed  head  end  are 
very  well  marked,  varying  considerably  in  size.  The  tubular 
pharynx  .55  mm.  long,  is  succeeded  by  an  oesophagus  8.8  mm. 
long,  the  posterior  end  of  the  latter  having  a  club-shaped 
swelling  .26  mm.  in  diameter. 

The  posterior  portion  of  the  body  is  closely  packed  with  ova. 

Host. — Cow  :  rumen. 

Locality. — Victoria  ;  Sept.,  1898. 

No  previous  record  from  Australia. 

D.  Nkmato.mokpha. 

E.  ACANTIiOCKPIIALA. 

F.  Insect  a. 

G.  Akachnida. 

No.   1.— Hypopial   nympha  of  Falculifer   rostratus  (?) 

(Buchholz,  1869),  Railliet,  1896. 

=  Falciye.r   rmtratus,  Buchholz,  1869. 
=  Hypodectes  rnlnmhtte,  Solarski,  1877. 
=  Hypoderas  columbae.  Murray,   1877. 
=  Hyj)odectes  minor  (?). 

(see  pi.  XXIX.,  figs.  8,  9). 

During  the  dissection  of  pigeons  in  the  Biological  Laboratory 
here,  a  number  of  small  organisms  were  found  in  the  connective 
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tissue  around  the  roots  of  the  pectoral  blood-vessels  and  in  the 
pericardium  by  Dr.  T.  S.  Hall,  who  brought  them  to  me. 
Careful  examination  of  them  and  consultation  of  such  literature 
as  was  available  to  me,  showed  that  these  forms  are  really  the 
"  hypopial  nympha,"  or  second  stage  in  the  life-history  of  one 
of  the  feather-feeding  Sarcoptidae,  probably  of  Falculifer 
rostratus  (Buchholz,  1869),  Railliet,  1896. 

This  and  similar  forms — known  variously  as  Acaiiis  mus~ 
car  us,  Linn.,  Acarus  spinitarsus,  Hermann,  1757,  then  Hypo- 
pus,  Duges,  1834  ;  Homopus,  Koch,  1843,  and  later  as  Hypo- 
dtctes,  Filippi,  1861,  and  Hypoderas,  Frauenfeld,  1864 — have 
been  the  subjects  of  a  long  discussion,  dating  from  1735,  but 
closed  for  the  time  being  by  the  work  of  Megnin  (1879,  p.  120) 
and  that  of  Michael  (1884,  p.  371). 

These  parasites,  as  previously  described  by  several — viz., 
Michael,  and  also  figured  by  Ch.  Robertson  (1866,  p.  201) — are 
white,  elongated,  rounded  animals,  maggot-like  in  general 
appearance,  .92  to  1.24  mm.  long,  and  .16  to  .31  mm.  wide. 
The  skin  is  soft  and  easily  wrinkles.  No  median  transverse 
groove  was  visible,  nor  were  rostrum,  mouth  appendages  or  ali- 
mentary canal  to  be  seen.  Four  pairs  of  short  jointed  legs  are 
present,  the  two  posterior  pairs  being  situated  a  considerable 
distance  behind  the  2  anterior  pairs.  Each  leg  has  5  joints, 
not  always  clearly  detined,  the  last  bearing  a  number  of  hairs, 
one  or  more  of  these  hairs  being  much  longer  than  the  others. 
The  bases  of  the  two  anterior  pairs  of  legs  are  associated  with 
a  curious  darkly  coloured  chitinous-like  support  on  the  ventral 
surface  of  the  head,  while  another  similarly  constituted  but 
differently  arranged  structure  is  found  on  the  ventral  surface  of 
the  body,  between  the  2  posterior  pairs  of  legs.  These  two 
masses  form  a  most  conspicuous  and  characteristic  feature  in 
the  appearance  of  the  parasite.  The  form  here  recorded  is 
closely  similar  to  that  figured  by  Robertson,  but  I  am  adding 
hereto  two  figures,  one  of  the  dorsal  surface  of  the  head,  and 
one  of  the  ventral  surface  of  the  body,  for  comparison.  As  J 
have  not  the  adult  stage  of  this  form,  I  have  not  been  able  to 
completely  verify  this  identification. 

According  to  Megnin's  researches  (loc.  cit.,  and  see  also 
Neumann,  p.  214),  this  much  reduced  form  is  a  peculiar  stage 
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in  the  life-history  of  the  itch-mite  of  the  pigeon.  There  is 
found  in  this  case,  a  deviation  from  the  normal  metamorphosis, 
inasmuch  as  this  additional  stage,  or  "  hypopial  nympha "  is 
introduced  between  the  second  stage  or  normal  "  nympha " 
and  the  young  adult.  The  "  hypopial  nympha "  is  formed 
from  the  normal  "  nympha/'  according  to  Megnin,  under  con- 
ditions in  which  there  is  an  undue  lack  of  nourishment  or 
warmth  in  the  feathers  on  which  the  adult  lives.  The  "  hypo- 
pial nympha  "  then  passes  down  from  the  surface  of  the  body 
through  the  feather  follicles  into  the  connective  tissues  below, 
where  it  lives  by  absorption  from  the  surrounding  tissues  until 
such  time  as  it  may  safely  return  to  the  surface  and  become 
changed  into  the  adult  form.  According  to  Michael  (1884, 
p.  390),  the  formation  of  this  "hypopial  nympha,"  in  some 
forms  at  least,  takes  place  quite  "  irrespective  of  adverse  con- 
ditions/' and  only  in  the  case  of  a  few  individuals,  being  "  a 
provision  of  nature  for  the  distribution  of  the  species/'  in 
other  words,  simply  a  protective  travelling  dress.  It  would 
seem,  however,  that  in  the  case  of  the  "  hypopial  nympha " 
herein  recorded,  Meguin's  conclusions  are  more  probable.  This 
is,  so  far  as  I  have  been  able  to  find,  the  first  record  of  the 
existence  of  this  form  in  Australia,  though  it  is  evidently 
well  known  in  Europe,  and  is  also  found  in  the  United  States 
of  America  (v.  Hassall). 

Host. — Pigeon :  in  connective  tissue  around  roots  of  pectoral 
blood  vessels,  and  on  the  pericardium  around  entrance  of  in- 
ferior vena  cava. 

Locality. — Melbourne,  Vic.  :  September,  1908,  per  Dr.  T.  S. 
Hall. 
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EXPLANATION    OF    PLATE    XXIX. 

All  Figures  are  outlined  by  the  aid  of  the  Camera  Lucida. 

Fig.   1. — Tridontophoms  intermedins,  n.  sp.,   x    2,  showing  pro- 
portions of  animal,  and  female  opening. 
Fig.   2. — Anterior  end  of  same,  x  42. 
B.C.        =  Buccal  capsule. 
C.P.        =  Cervical  papillae. 
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D.C.       =  Dorsal  connection  of  head  glands. 
E.L.C.   =  External  leaf-crown. 
E.P.       =  Excretory  pore. 
L.H.G.  =Left  head  gland. 
N.H.G.  =  Nuclei  of  head  glands. 
N.S.        =  Nervous  system. 
Oe.  =  Oesophagus. 

R.H.G.  =  Right  head  gland. 
Sin. P.     =  Submedian  papillae. 
T.  =  One  of  the  three  teeth. 

Fig.   3. — Posterior  end  of  same,   x  33. 
A.       =  Anus 
A.M.  =  Anal  muscles. 
?G.O.  =  Female  generative  opening. 
R.       =  Rectum. 
V.       =  Vagiua. 
Fig.   4. — Cluster  of  coiled  specimens  of  Ascaria  marina   lying  in 

connective  capsule  in  peritoneum,   x  2. 
Fig.  5. — One  specimen  of  same,  x  6  ;  showing  immature  worm 
lying  inside   the   partly   withdrawn  embryonic  cuticle 
(E.C.) 
Fig.  6. — Head  end  of  same  specimen,    x    42  ;  showing   conical 
spine  on  imperfectly  developed  head,  and  long  straight 
oesophagus  surrounded  by  nerve  ring. 
E.C.=  Embryonic  cuticle. 
Fig.  7. — Tail  end  of  same  specimen,    x    42  ;    showing  straight 
intestine,  rectum  and  mucronate  apex  of  tail. 
A.      =Anus. 
A.G.=Anal  Gland. 
Fig.  8. —Ventral    view   of     body    of    "  Hypopial    Nympha "    of 
Falculifer  rostratus  (?),    X   42  ;  showing  arrangement  of 
paired  appendages  and  their  chitinous  support. 
Fig.   9. — Dorsal  view  of  head  of  same. 
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Art.    XXIV. — On     the    Separation    and    Analysis     of 
Minerals  in  the  Dacite  of  Mount  Dandenong,   Victoria. 

By    HENRY    0.     RICHARDS,     B.Sc., 

Caroline  Kay  Scholar  in  Geology,  Melbourne  University. 
^Read  10th  December,  1908]. 

Introduction. 

As  no  information  was  available  regarding  the  composition  of 
the  minerals  of  variable  composition  in  the  dacites  of  Victoria, 
it  was  suggested  by  Professor  Skeats  that  this  work  should  be 
undertaken  ;  and  it  was  hoped  that  thereby  some  light  would 
be  thrown  on  the  relation  existing  between  these  minerals  in 
the  normal  dacite,  and  in  the  gneissic  rocks  which  he  has 
discovered  in  contact  with  the  dacite  in  the  Dandenong  ranges. 
Very  little  in  the  way  of  determining  the  composition  of 
Victorian  rock-forming  minerals  seems  to  have  been  done,  and 
the  only  record  I  can  find  of  an  analysis  of  a  ferro-magnesian 
mica  is  one  done  by  the  late  Dr.  Ho  wit  t  and  published  in  his 
paper  on  the  t;  Rocks  of  Noyang."1 

The  objects  of  this  research  work  can  be  tabled  under  three 
headB : — 

i.  To    separate    the    minerals    Biotite,    Hypersthene    and 

Ilmenite  from  the  rock, 
ii.  To  analyse  them  and  make  a  bulk  analysis  of  the  rock. 
iii.  To  see  what  light  chemical  evidence  would  throw  on 
the  probable  formation  of  secondary  minerals  in  the 
rock. 

The   Dacite. 

The  sample  used  in  this  work  was  obtained  from  a  quarry 
alongside  the  railway  line,  a  little  on  the  Ferntree  Gully  side  of 
Upwey  station,  on  the  Gembrook  line,  and  is  believed  to  be  a 

1  Pror.  Koy.  Soc.  Victoria,  vol.  xx.,  p.  24. 
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representative  sample  of  the  normal  dacite  in  that  area.  It  is  a 
dark-grey,  and  very  hard  compact  porphyritic  rock.  In  the 
hand  specimen  phenocrysts  of  a  dark-brown  mica,  biotite,  in 
well-formed  hexagonal  flakes,  can  be  Been,  also  phenocrysts  of 
felspar,  but  further  than  that  little  else  can  be  observed  mega- 
scopically.  Under  the  miscroscope  in  thin  sections  one  can  see 
abundant  phenocrysts  of  plagioclase,  generally  with  regular  out- 
lines, and  very  often  zoned,  dark-brown  biotite,  pale-green 
hypersthene,  quartz  very  occasionally,  and  an  opaque  mineral 
which  may  be  either  magnetite  or  ilmenite,  all  set  in  a  fine- 
grained crystalline  groundmass  of  quartz,  felspar  and  biotite. 

Of  the  minerals  in  the  rock  the  plagioclase  felspars  can  be 
determined  optically  by  the  Michel-Levy  method,  and  so  definite 
compositions  assigned  to  them  ;  but  it  is  necessary  to  separate 
and  chemically  analyse  the  minerals  biotite,  hypersthene,  and 
the  opaque  mineral  in  order  to  learn  their  compositions. 

The  proportions  of  the  phenocrysts  and  groundmass  are 
about  equal,  and  as  the  average  diameter  of  the  former  is  only 
.1  mm.,  it  was  seen  that  the  separation  of  them  in  sufficient 
quantity  and  in  a  pure  enough  state  for  a  chemical  analysis 
would  be  a  matter  of  some  difficulty. 

Methods  op  Separation  Adopted. 

The  minerals  to  be  separated  are  all  iron-bearing,  so  that 
the  electro-magnet  suggested  itself  as  a  means  to  the  desired 
end ;  accordingly  one  as  described  by  T.  Crook,1  of  the  Imperial 
Institute,  London,  was  used. 

By  a  combination  of  the  electro-magnet  with  the  use  of  heavy 
liquids  and  various  shaking  devices,  and  finally  picking  with  a 
wet  brush  underneath  the  microscope,  the  minerals  were  ob- 
tained pure  enough  for  chemical  analysis. 

The  electro-magnet  consists  of  a  cylindrical  piece  of  soft  iron, 
1  inch  in  diameter,  bent  into  U  shape  and  having  vertical  limbs 
about  6  in.  long  and  3  in.  apart.  Each  limb  is  provided  with 
a  bobbin  on  which  is  wound  seven  layers  of  insulated  wire  (16 
gauge),  each  layer  having  about  40  turns.     Two  pole  pieces, 

1  "The  Use  of  the  Electro-Magnet  in  Petrography,**  by  T.  Crook,  A.R.C.Sc.1.,  F.G.S. 
Science  Progress,  No.  5,  July,  1907. 
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consisting  of  soft  iron  about  1£  in.  wide  and  J  in.  thick,  are 
slotted  so  as  to  move  over  screw-clamps  which  fit  into  the  ends 
of  the  limbs.  By  this  means  the  pole-pieces  can  be  adjusted 
in  any  desired  position. 

The  electro-magnet  is  connected  with  the  ordinary  lighting 
circuit  of  200  volts  alternating  current,  the  latter  being  con- 
verted into  direct  current  by  means  of  a  Noden-valve  arranged 
by  Mr.  Grayson,  of  the  Geological  Department.  Suitable  resist- 
ances were  obtained  by  means  of  ordinary  incandescent  lamps, 
6  of  which,  of  varying  capacities,  were  used,  giving  an  amperage 
ranging  from  i  amp.  to  3  amps.,  the  voltmeter  indicating  10 
volts  for  the  latter  value. 

Preparation  op  thb  Sample. 

The  fresh  representative  sample  was  first  crushed  into  pieces 
about  the  size  of  peas  by  means  of  a  small  jaw-crusher,  this 
material  was  then  crushed  up  in  a  steel  mortar,  so  that  it  would 
pass  through  a  sieve  with  openings  about  .2  mm.  square  (20 
sieve),  but  remain  on  a  40  sieve  with  apertures  about  .1  mm. 
sq.  This  size  was  found  most  convenient  for  the  separation  of 
the  larger  flakes  of  mica.  After  the  mica  had  been  removed 
from  this  it  was  further  crushed  so  as  to  be  caught  on  a  60-sieve 
with  apertures  .06  mm.  sq. 

The  larger  size  was  more  convenient  for  the  separation  of  the 
mica,  while  the  smaller  size  was  required  for  the  hypersthene. 

Separation  op  the  Minerals. 

It  was  found  that  the  separation  of  the  mica  from  the 
hypersthene  by  means  of  a  magnet  could  not  be  done  very 
satisfactorily,  but  in  transferring  the  powders  in  cardboard 
boxes  it  was  noticed  that  the  flaky  biotite  had  a  tendency  to 
stick  to  the  bottom  of  the  box,  while  the  other  rounded  grains 
rolled  off  easily.  This  peculiarity  of  the  mica  was  utilised,  and 
proved  especially  valuable,  for  while  the  magnet  served  to  sepa- 
rate the  mica  and  hypersthene  from  the  other  minerals  in  the 
rock,  the  gentle  shaking  in  cardboard  boxes  with  one  end  cut 
away,  served  to  separate  the  mica  from  the  hypersthene. 
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Mica. — By  means  of  a  bar-magnet  all  the  steel  splinters  off 
the  mortar,  and  grains  of  opaque  material  that  would  come  out 
were  removed;  then  the  powder  was  subjected  to  the  electro- 
magnet with  the  pole-pieces  4  mm.  apart,  and  all  the  material 
which  would  come  out  while  3  amperes  were  run  through  the 
magnet  was  removed. 

This  magnetic  material  was  made  up  of  free  grains  of  biotite, 
hypersthene,  and  composite  grains  of  either  or  both  these  minerals 
with  felspar  and  quartz,  or  with  the  magnetic  opaque  material. 
By  gentle  shaking  of  the  cardboard  boxes  held  at  a  slight  angle 
and  with  one  end  cut  away,  the  biotite  was  separated  from  the 
other  material,  small  lots  being  treated  at  a  time  and  given 
several  shakings. 

By  means  of  Sonstadt's  heavy  liquid  of  Spec.  Gr.  about  3, 
used  with  a  Sollas  Separator,  the  free  biotite  was  separated 
from  most  of  the  other  material,  only  a  few  composite  grains  of 
hypersthene  and  mica  coming  down  also.  The  material  was 
then  washed  and  dried,  and  the  composite  grains  picked  out 
with  a  fine  wet  brush  underneath  the  low  power  of  the  micro- 
scope. This  was  a  very  laborious  process,  but  only  in  this  way 
could  quite  pure  material  suitable  for  analysis  be  obtained. 

Hypersthene. — The  powder  whose  grains  were  about  .1  mm. 
in  diameter  was  used  for  obtaining  this  mineral.  With  a  volt- 
age of  10  (3  amperes)  and  pole-pieces  4  mm.  apart,  the  mag- 
netic material,  which  separated  readily,  was  removed  by  the 
electro-magnet.  On  breaking  the  circuit  a  certain  amount  of 
material  still  adhered  to  the  pole-pieces,  and  was  made  up  of 
small  steel  splinters  from  the  mortar;  fragments  of  ilmenite 
and  leucoxene,  and  in  some  cases  pieces  of  quartz  or  felspar 
containing  inclusions  of  the  opaque  mineral.  The  magnetic 
material  separated  as  above  contained  grains  of  hypersthene, 
biotite,  ilmenite,  quartz  and  felspar  containing  magnetic  inclu- 
sions, and  a  fair  amount  of  composite  grains  of  the  above 
minerals. 

Under  the  microscope  it  was  noticed  that  hypersthene  grains 
very  often  enclosed  large  patches  of  the  opaque  material. 

By  means  of  card-shaking  the  biotite  was  removed  almost 
completely.  The  remaining  material  was  then  subjected  to  a 
voltage  of  3  with  pole-pieces  4  mm.  apart,  the  material  removed 
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in  this  way  was  seen  to  be  largely  the  opaque  mineral,  hyper- 
sthene  containing  large  inclusions  of  the  former  mineral,  leu- 
coxene,  and  quartz  and  felspar  containing  magnetic  inclusions. 
The  voltage  was  then  increased  to  10  (3  amps.),  and  all  the 
material  was  picked  up  with  the  exception  of  a  few  quartz  and 
felspar  grains,  and  several  small  flakes  of  biotite. 

By  means  of  Sonstadt's  solution  of  Spec.  Gr.  3,  used  with  a 
Sollas  Separator,  a  practically  pure  hypersthene  product  was 
obtained,  the  quartz  and  felspar  being  removed  with  the  excep- 
tion of  a  few  composite  grains,  which  were  easily  picked  out 
with  a  wet  brush. 

An  examination  of  the  hypersthene  under  the  microscope 
detected  opaque  material  in  nearly  every  grain,  so  with  a  view 
to  getting  rid  of  as  much  as  possible  of  this  it  was  ground 
finer  in  an  agate  mortar,  and  subjected  to  4  volts,  with  pole- 
pieces  £  mm.  apart.  A  good  deal  of  magnetic  opaque  material 
was  removed  thus.  After  picking  over  with  a  wet  brush  under 
the  microscope,  this  mineral  was  ready  for  chemical  analysis. 

Ilmenite. — An  attempt  was  made  to  separate  this  from  the 
rock  powder  by  the  magnet,  but  as  it  is  present  to  the  extent  of 
only  one  per  cent.,  is  largely  included  in  other  minerals,  and  is 
in  such  small  grains  it  would  have  been  a  lengthy  process  to 
separate  enough  for  a  chemical  analysis.  The  separation  has 
been  done  by  nature,  however,  and  some  of  the  material  as  it 
occurs  in  the  stream  sands  in  the  dacite  area  was  obtained. 
It  is  remarkably  fresh,  and  although  the  sample  was  not 
obtained  from  exactly  the  same  locality  as  the  rock  sample,  it 
is  believed  that  its  composition  is  similar  to  that  contained  in 
the   material  used  for  separation  and   analysis. 

Analyses  of  Rock  and  Minerals. 

Besides  analyses  of  the  three  minerals  of  variable  composition 
in  the  rock,  one  was  made  of  the  rock  itself.  All  the  analyses 
were  made  in  duplicate  with  the  exception  of  that  of  the 
ilmenite.  Agreement  between  the  duplicates  was  satisfactory, 
and  the  analyses  appended  below  are  those  of  one  of  the  dupli- 
cates and  not  the  mean  of  two  determinations. 
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ANALY8ES    OP    DACITE   AND    MlNKRALS. 


Actual 

Analyses. 

Calculated. 

A 

B 

C 

D 

£ 

F 

SiOa 

-       63.27 

39.86 

50.42 

40.04 

55.23 

Al2Os 

16.50 

11.13 

4.06 

11.17 

4.44 

FeA 

0.68 

1.39 

2.10 

none 

1.39 

2.30 

FeO 

5.10 

18.10 

23.54 

31.92 

18.18 

22.34 

MgO 

2.48 

9.88 

13.04 

0.80 

9.92 

14.27 

CaO 

4.18 

sl.tr. 

1.30 

al.tr. 

0.24 

Na,0 

2.36 

0.35 

tr. 

0.35 

tr. 

KaO 

2.68 

6.73 

0.69 

6.75 

0.76 

HaO  + 

0.52 

3.20 

0.06 

3.21 

0.06 

HaO- 

0.09 

0.43 

0.10 

0.43 

0.11 

COa 

none 

none 

none 

none 

none 

TiOa 

1.30 

7.95 

3.51 

67.28 

7.98 

PA 

0.15 

tr. 

0.92 

tr. 

S(FeS3) 

0.16 

MnO 

0.03 

0.58 

0.24 

tr. 

0.58 

0.25 

LiaO 

tr. 

str.  tr. 

str.  tr. 

Total 

99.50 

99.60 

99.98 

100.00 

100.00 

100.00 

2.76 


3.16 


3.36 


4.86 


Sp.  Gr. 

A  =  Dacite. 
B  =  Biotite. 
C  =  Hypersthene. 
D  =  Ilmenite. 

E  =  Biotite  analysis  calculated  to  100  per  cent. 
F  =  Hypersthene  with  Pa06  removed  as  Apatite  and  Ti0.2  as 
Ilmenite,  and  calculated  to  100  per  cent. 


Calculation  op  the  Norm  op  the  Dacite. 
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SiOa 

-  63.27 

1.054 

174 

228 

144 

A180, 

-  16.50 

.162 

29 

38 

72 

Fe20, 

-     0.68 

.005 

5 

FeO 

-     5.10 

.071 

16 

5 

2.5 

MgO 

-     2.48 

.062 

CaO 

-     4.18 

.075 

72 

3 

Na^O 

-     2.36 

.038 

38 

KaO 

-     2.68 

.029 

29 

TiO, 

-     1.30 

.016 

16 

PA 

s 

-  0.15 

-  0.16 

.001 
.005 

5 

1 

1 


i 


109.5         398.5 


23 


47.5 
62 
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Formula. 


6S10., 
.  6Si02 
2SiOQ 


SiO .     - 
K  O.AlaOa 
Na,O.AI,0, 
CaO .  Al2Oa 
A1203  -        - 

MgO .  Si02  - 
FeO .  Si02  - 
FeO .  Fe203 
FeO. Ti02  - 
FeS,  - 
3CaaP20K+CaF2 


Mol.  Weight 

.3985 x    60 
.029    x556 


Mineral. 


Quartz 

Orthoclase 
.038    x524    Albite 
.072    x278     Anorthite 
.023    x  102    Corundum 
.062   x  100  )  „  ., 

.0475  x  132  j  Hypersthene 

.005    x232  Magnetite 

.016   xl52  Ilmenite 

.0025x120  Pyrite 

.001    x310  Apatite 


Norm.  Group.    '/. 

24.0     Q     24.0\ 
16.1") 
19.9  [  F 
20.0  ) 
2.3    C 


56.0 


12.6     P 

ffiA 


2.3 ; 

12.6 
3.6 
0.6 


Group.      7. 


Sal       82.3 


Fern     16.8 


Class  = 

Order        = 
Bang         = 


82.3 

=  16.8 
24.0 


<7  1>5  3=  Class  II. 


:3  5  >  1/7  =  Order  IV. 


Sal 
Fern 

Q  +  L 

F  "56.0" 
K20  +  NaaO      67       e/0     oe     _ 

CaO  "=  72   -5/3>3/5  =  RangIII 

K  O  29 

Sub-rang  =       m  '  q  -£«-< 5/3 >3  5  =  Sub-rang  III.    Sodi-pota&sic  Harzose 


Dosalane 

Quardofelic  Austrare 
Alkali-calcic  Tonalase 


Calculation  of  Formulae  op  the  Minerals. 


Biotite. 


Hypkrsthenk. 


Ilmenite. 


SiO,  - 
TiOa  - 
ALA  - 
Fe  A  - 
FeO  - 
MgO  - 
CaO  - 
MnO  - 
Na20  - 
K20  - 
H20     - 


Per  cent. 

39.86 
7.95 

11.13 
1.39 

18.10 
9.88 

0.58 
0.35 
6.73 
3.20 


Mol. 
Prop. 

664\ 

99/ 

109\ 

9/ 

25  n 

246 


o 

5 
71 

178J 


Itatio.         Per  cent. 


6.4 


4/: 


2.1 


55.22 

4.44 
2.30 
22.33 
14.27 
0.24 
0.25 

0.76 
0.06 


Mol. 
Prop. 

9201 

43j 

310^ 
356 
4 


Ratio.    Per  cent. 


16 


12 


i 


31.92 
0.80 


Mol. 
Prop. 


Ratio 


67.28      841 


} 
} 


4431 
20 


1.8 


Formula  2R.20.4R0.RA-6R0,      3R0.4RO.. 

Biotite  -         -     2  ( KH),0 .  4(FeMg)0  .  Al A 
Hypersthene  -     3(FeMg)0  .  4SiOa 
Ilmenite  -     ( FeMg)0  .  2TiO, 


R0.2ROa 

6  (SiTi)O, 


*•' 
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Comments  on  ths  Analyses. 

Dacite. — The  composition  of  this  dacite  is  seen  to  be  quite 
normal,  except  that  perhaps  the  Ti09  percentage  is  a  little 
higher  than  usual  in  rocks  of  this  type.  A  comparison  of  this 
analysis  with  one  of  a  dacite1  from  near  Braemar  House,  Mount 
Mace  don,  shows  that  the  two  are  almost  identical.  In  com- 
position this  rock  much  resembles  a  quartz-mica-diorite  from 
Ensay,'2  Omeo,  analysed  by  the  late  Dr.  Howitt,  and  it  is 
interesting  to  note  that  all  three  fall  into  the  same  sub-rang 
when  classified  according  to  the  American  classification — 
viz. :  — 

Class  11. — Dosalane. 

Order  IV. — Quardofelic,  Austrare. 

Rang  III. — Alkali-calcic,  Tonalase. 

Subrang  III. — Sodipotassic,  Harzose. 

The  Ensay  rock,  however,  nearly  passes  into  subrang  iv.,  while 
both  the  dacites  are  well  in  subrang  iii. 

Biotite.—  The  SiO.^,  FeO  and  TiCX,  percentages  are  high, 
while  the  alumina  and  alkali  percentages  are  low.  This  mineral 
in  thin  sections,  under  the  microscope  shows  inclusions  of  ilme- 
nite,  thus  the  TiO*  and  FeO  percentages  are  too  high,  while  all 
the  other  constituents  are  correspondingly  low.  The  biotite 
itself  is  believed  to  be  titaniferrous,  so  that  it  is  difficult  to 
know  how  much  TiOa  to  assign  to  the  biotite  and  how  much  to 
the  enclosed  ilmenite ;  consequently  no  deduction  was  made  from 
the  analysis  for  these  two  oxides,  with  the  result  that  the  ROa 
and  RO  ratios  are  a  little  too  high. 

The  formula  for  this  mineral,  according  to  the  analysis,  is 
2R/).4RO.R./)H.6RO.i.  So  that  it  is  not  an  orthosilicate 
like  the  typical  biotites. 

Hypersthenc. — In  this  analysis  the  FeO  percentage  is  slightly 
higher  than  usual,  while  the  MgO  percentage  is  considerably 
lower  than  in  a  normal  hypersthene,  with  the  result  that  the 
formula  for  this  mineral  is  3R0.4RO.J. 


1  Annual  Report  of  the  Secretary  for  Mines  Victoria,  1907,  p.  61. 

2  Proc.  Roy.  Soc.  Victoria,  vol.  xxii.,  p.  99. 
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Ilmenite. — The  TiOa  is  extremely  high,  while  Fe,Oa  is 
absent,  and  MgO  is  present  to  a  small  extent,  the  FeO  percent- 
age being  about  normal. 

The  mineral  is  strongly  magnetic,  which  is  rather  curious,  as 
it  is  generally  stated  that  only  when  you  get  a  combination 
with  magnetite  does  the  mineral  exhibit  strong  magnetic  pro- 
perties.    The  formula  for  this  mineral  is  RO.  2R02. 

Determination  op  PaOf,   in  the  Analyses. 

In  determining  this  constituent  by  the  magnesium-pyrophoa- 
phate  method,  according  to  Washington,1  the  values  obtained 
were  obviously  high,  consequently  the  method  was  abandoned, 
and  that  of  Finkener2  by  direct  determination  of  the  ammonium 
phospho-molybdate,  adopted  witli  satisf actor}"  results.  Dr.  H. 
I  Jensen3  has  encountered  a  similar  difficulty  and  overcome  it 
in  this  manner. 

Calculation  op  the  Mode  op  the  Rock. 

The  volume  percentage  of  each  mineral  in  the  rock  was  esti- 
mated by  Hosi wal's4  method.  The  application  of  this  method 
to  the  rock  presented  considerable  difficulty  on  account  of  the 
fine-grained  groundmass,  which  is  made  up  of  quartz,  felspar 
and  biotite,  the  average  diameter  of  these  grains  being  only 
.01  mm.,  and  that  of  the  phenocrvsts  .1  mm. 

in  the  groundmass  the  biotite  was  easily  distinguished  by  its 
colour,  while  the  slight  difference  in  refractive  index  between 
the  quartz  and  felspar  was  utilised  in  discriminating  between 
these  two  minerals. 

Sections  were  cut  from  the  same  sample  of  the  rock  as  the 
analyses  were  made  from,  and  as  a  result  of  traverses  in  several 
directions.  Out  of  a  total  volume  of  0389  the  volumes  of  the 
different  minerals  were  as  shown  in  the  accompanying  table. 
The  percentage   volumes   were    then   calculated   and   multiplied 

1  H.  8.  Washington,  "Chemical  Analysis  of  Rocka."  • 

2  Treariwell,  "Analytical  Chemistry,"  vol.  ii.,  p.  347. 

3  Proc.  Linn.  Soc.,  N.S.W.,  1907,  vol.  xxxii.,  pp.  908,  et  seq. 

4  Verhamll  <1  k.k.  <ieol.  Reichsanst,  18*4,  pp.  143,  et  t*q.  "The  Quantitative  Claari. 
float  ion  of  Igm-ous  Rm'k«,"  P  204,  1003.  .T.  P.  hidings,  Journal  of  Geology,  vol.  xil.  (1904), 
p.  *•»». 
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by  the  specific  gravities,  giving  the  gravimetric  proportions  of 
the  different  minerals  from  which  the  percentages  by  weight 
were  obtained. 

A  number  of  determinations  of  the  felspar  phenocrysts  by  the 
Michel-LeVy  method  resulted  in  the  majority  of  them  giving 
extinction  angles  for  Abj  An!  but  an  occasional  one  for  Ab„ 
An„.  The  specific  gravities  of  hypersthene  and  ilmenite  were 
determined  by  means  of  a  small  specific  gravity  bottle,  while 
that  of  the  biotite  was  determined  by  floating  flakes  in  any 
position  in  a  solution  of  Methylene  Iodide  in  benzine,  and  then 
determining  the  specific  gravity  of  the  solution  by  a  Westphal 
balance. 

The  specific  gravity  of  the  felspar  phenocrysts  was  determined 
from  a  knowledge  of  their  composition  and  reference  to  tables. 

Calculation  of  Mode. 


Mineral. 

Volume. 

Percentage 
Volume. 

Specific 
Gravity. 

Gravimetric 
Proportions. 

Mineral 

Per 
centage. 

rPlagioc1ase  (AbjAnj] 

-       1629 

25.50 

2.68 

68.34 

24.13 

11 

Hypersthene 

- 

656 

10.27 

3.36 

34.50 

12.17 

w  t*  • 

Biotite 

- 

628 

9.83 

3.16 

31.06 

10.96 

33   a! 

a-  w 

Quartz 

- 

84 

1.31 

2.65 

3.47 

1.22 

Ilmenite1  - 

- 

40 

0.62 

4.86 

3.07 

1.08 

g  ac  [Felspar  (AbuAn8) 

-       1553 

24.31 

2.675 

65.03 

22.95 

2  |  I  Quartz 
J      |  Biotite 

- 

-       1389 

21.74 

2.65 

57.61 

20.34 

- 

410 

6.42 

3.16 

20.27 

7.15 

6389 

100.00 

283.35 

100.00 

O.IARTZ. 

Fklmpak. 

Compo- 

Compo- 

Plieno-  Ground - 
cryste.     mass. 

Pheno- 
crysts. 

Groundma88. 

» Hyp. 

Or.         Ab.       An. 

Ki. 

sition 
T1          from 
""         Mode. 

as 
Ana- 
lysed. 

Si02     -     1.22     20.34 

13.42 

5.28     5.00 

3.23     6.72 

7.25 

62.46 

63.27 

A1,03  - 

6.88 

1.51     1.42 

2.75     0.55 

1.97 

15.03 

16.50 

Fe203  - 

0.2S 

0.25 

0.53 

0.68 

FeO      - 

2.72 

3.29 

0.35       6.36 

5.10 

MgO    - 

1.73 

1.80 

0.01       3.54 

2.48 

CaO      - 

2.51 

1.52     0.03 

406 

4.18 

Na20  - 

1.37 

0.S6 

0.06 

2.29 

2.36 

K,0     - 

1.38 

0.09 

1.22 

2.69 

2.68 

HaO+- 

0.01 

0.58 

0.59 

0.52 

HflO-- 

0.01 

0.08 

0.09 

0.09 

TiOa    - 

1.50 

0.72       2.22 

1.30 

MnO 
Total 

- 

8.17     7.28 

0.03 
7.50  12.17 

0.11 
18.11 

0.14 
1.08  100.00 

0.03 

-     1.22     20.34 

24.13 

99.50* 

1  As  Phenocrysts  and  in  the  Hypersthene. 

2  Including  0.15  per  cent.  PaOs  and  0.16  per  cent.  S(FeSa). 
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From  this  table  it  will  be  seen  how  close  the  microscopically 
estimated  chemical  composition  is  to  that  determined  by 
chemical  analysis. 

The  silica  has  been  slightly  under-estimated,  but  as  about 
50  per  cent,  of  the  rock  is  a  fine-grained  ground  mass  with  grains 
averaging  only  .01  mm.  in  diameter,  their  discrimination  by 
means  of  the  difference  of  refractive  index  was  a  matter  of  some 
difficulty. 

The  discrepancies  between  the  A140H  percentages  and  those 
of  the  FeO  and  MgO  suggest  that  the  analysis  of  the  por- 
phyritic  biotite  recorded  above  is  not  representative  of  all  the 
biotite  in  the  rock. 

Under  the  microscope,  besides  the  large  phenocrysts  of  bio- 
tite one  sees  developed  granular  masses  of  what  appears  to  be  a 
secondary  biotite  around  the  ilmenite,  and  it  has  been  suggested 
by  Professor  Skeats  that  this  secondary  mica  arises  as  a  result 
of  interaction  between  the  ilmenite  and  felspar  of  the  ground- 
mass  under  certain  conditions,  and  also  between  the  hyper- 
sthene  and  groundniass  less  commonly.  If  that  is  the  case  it 
cannot  be  assumed  that  all  the  biotite  throughout  the  rock  is  of 
uniform  composition,  but  that  at  least  we  have  two  different 
kinds  of  biotite. 

With  biotite  arising  from  ilmenite  and  the  groundmass,  one 
would  expect  a  low  MgO  percentage,  as  the  ilmenite  is  very  low 
in  this  constituent,  while  the  groundmass  felspar  has  none ;  if 
this  percentage  were  low  the  AlaO,H  value  would  probably  be 
high,  so  that  if  one  knew  what  composition  to  assign  to  this 
secondary  biotite  it  is  highly  probable  that  the  AljO,,  FeO  and 
MgO  percentages  would  be  more  comparable. 

The  alkalies  and  lime  are  remarkably  close,  so  that  the 
felspars  appear  to  have  been  correctly  determined. 

The  ferric-iron  and  water  are  close,  while  discrepancies  arise 
between  the  Ti0.2  and  MnO  values.  On  the  whole,  however, 
the  analyses  are  as  close  as  one  could  expect  to  get  them,  con- 
sidering the  structure  of  the  rock  and  its  fine-grained  ground- 
niass, and  if  one  could  estimate  the  composition  of  the  secondary 
biotite  it  is  thought  that  the  comparison  would  be  still  closer. 

Another  point  showing  the  closeness  of  the  two  analyses  is 
that  the  position  of  the  rock,  according  to  the  American  classi- 
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fication,   is   the  same,   whether  calculated  from  the   norm   or 
mode. 

SUMMARY. 

The  minerals  hypersthene,  biotite,  and  ilmenite  occurring  in 
the  dacite  have  been  separated  and  analysed.  The  method  of 
separation  was  a  combination  of  the  use  of  an  electro-magnet 
with  heavy  liquids  and  various  shaking  devices,  and  gave  satis- 
factory results. 

These  minerals  and  also  the  rock  were  then  chemically 
analysed,  and  formulae  obtained  for  the  minerals. 

The  norm  of  the  rock  was  calculated  from  the  chemical 
analysis,  the  mode  of  the  rock  by  the  application  of  Rosiwal's 
method,  and  from  this  the  chemical  composition  of  the  rock 
was  estimated  microscopically.  A  close  agreement  v?as  found 
to  exist  between  the  compositions  obtained  chemically  and 
microscopically. 

CONCLUSIONS. 

The  ground  mass  felspar  appears  to  be  a  mixture  of  orthoclase 
and  a  plagioclase  (Ab„  AnH),  and  is  more  acid  than  the  felspar 
phenocrysts,  as  one  would  expect. 

In  the  groundmass  are  present  all  the  constituents  which, 
together  with  either  ilmenite  or  hypersthene  are  necessary  to 
form  biotite,  thus  supporting  the  microscopical  evidence  of  the 
secondary  origin  of  some  of  the  biotite. 

It  would  also  appear  that  the  secondary  biotite  derived  from 
the  ilmenite  and  groundmass  contains  less  magnesia  and  more 
alumina  than  the  primary  biotite. 

In  conclusion,  I  am  much  indebted  to  Professor  E.  W.  Skeats 
for  the  kindly  interest  he  has  taken  in  this  work,  and  for  the 
great  assistance  he  has  rendered  me  whenever  in  difficulties, 
also  to  Mr.  H.  J.  Xxrayson,  w'hose  ingenuity  on  many  occasions 
simplified  matters  considerably. 
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Baeckka  Eatoniana,  n.  sp.,  Ewart  and  White. 

A  small,  much  branched,  shrubby  plant  about  5  or  6  inches 
high,  the  branches  woody  and  stiff,  and  covered  by  a  whitish 
membrane,  peeling  off  on  the  older  branches,  leaving  a  yel- 
lowish scaly  bark.  Leaves  about  one-sixteenth  inch  long, 
glandular,  green,  almost  cylindrical  and  sessile,  blunt  at  the 
top,  decussate.  Flowers  solitary,  with  2  bract eoles.  Calyx,  5 
sepals,  the  tube  adnate  to  the  ovary,  the  sepals  free,  and  with 
a  white  and  membranous  border.  Petals  5,  free,  orbicular, 
shortly  stalked,  white,  sinuous  at  the  edge,  one-twelfth  inch  long. 
Stamens  20,  rarely  3  to  4  fewer,  forming  a  single  ring  attached 
to  a  projecting  ridge  connected  with  the  bases  of  the  petals, 
filaments  dilated  more  or  less  at  the  lower  end,  without  any 
cilia-like  appendages  at  the  points  of  attachment-,  free  from  each 
other,  filiform,  as  a  rule  4  stamens  situated  opposite  each  petaL 
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Anthers,  bilobed,  obeordate ;  stamens  not  quite  so  long  as  the 
petal 8.  Gynaccium. — Ovary  rough  on  the  outside,  2-celled,  the 
upper  part  very  convex.  Style  deeply  immersed,  as  long  as  the 
stamens.     Stigma  slightly  bilobed. 

Toundegin,  W.  Australia,  Alice  Eaton,  1894.  The  specimens 
were  first  examined  by  Mr.  Luehmann,  who  considered  its 
nearest  affinity  to  be  B.  pulchella.  Baron  Mueller  gave  it  the 
apparently  unpublished  name  of  B.  Ealoniana  (nomen  nudum), 
which  is  retained  in  the  foregoing  description. 

Cassinia  aculeata,  R.  Br.,  var  imbricata,  F.  M.  Reader. 

This  variety,  at  first  called  "  appressa,"  and  subsequently 
"  imbricata,"  was  recorded  in  the  Vict.  Nat.,  1905,  vol.  22,  p.  79. 
The  plant  proves,  however,  to  be  Humea  squamata,  F.  v.  M., 
the  new  variety  being  the  result  of  a.  mistake  in  identification. 
As  evidence  of  how  easily  the  best  of  botanists  may  go  astray 
with  composites  of  this  character,  it  may  be  mentioned  that 
Baron  Mueller  referred  his  first  described  species  to  a  new  genus 
(Haeckeria),  although  aware  of  the  existence  of  the  prior 
genus  of  Humea,  and  that  this  particular  species,  when  first 
collected,  was  named  Cassinia  pholidota,  F.  v.  M.,  by  Mueller, 
changed  to  Ozothamnus  pholidota,  F.  v,  M.  (Fragm.,  ii.,  p.  131), 
given  in  Bentham's  Flora  as  Helichrysum  pholidotum,  F.  v.  M., 
and  finally  recorded  as  though  it  were  a  new  species  of  Humea 
(H.  squamata,  F.  v.  M.),  in  the  Fragmenta,  xi.,  p.  86,  without 
any  reference  to  the  previous  names. 

Galium  parisien^e,  L.,  var.  als*tralb,  n.  var. 

The  specimens  come  nearest  to  the  variety  anglicum  of  G. 
parisiense,  and  have  usually  5-7  leaves  in  the  whorls.  The 
flowers,  however,  show  a  greater  tendency  to  aggregate  in  small 
terminal  clusters  and  the  fruits  are  slightly  smaller,  dark  and 
slightly  roughened  with  small  asperities. 

Goroke,  Victoria,  St.  Kloy  D'Alton,  No.  7;  Goulburn  R.,  1892, 
W.  Gates;  Wannon  R.,  below  Hamilton,  Vict.,  H.  B.  William- 
son, No.  622  (no  date),  and  same  locality,  Nov.,  1898  ;  Woo- 
roloo,  West  Australia,  Max.  Koch,  1906,  No.  1646. 
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It  seems  surprising  that  the  presence  of  this  plant  in  Australia 
has  been  overlooked  so  long,  but  the  older  specimens  of  it  had 
been  referred  to  various  species  of  Galium  and  Asptrula  as 
slender  varieties  of  them,  though  really  quite  distinct.  The 
plant  is  undoubtedly  native,  the  variety  not  being  found  else- 
where, but  has  not  been  recognised  owing  to  its  small  flowers 
and  slender  character. 

Gnbphosis  Baracchiana,  n.  sp.,  Ewart  and  White 
(after  P.  Baracchi). 

A  woody  herb  about  3  inches  high.  The  primary  stems 
unbranched  or  nearly  so.  Stems  very  slightly  hairy.  Leaves 
sparsely  beset  with  minute  hairs,  lanceolate,  with  pointed  tips, 
about  \  inch  long,  very  shortly  petiolate,  entire,  alternate, 
clusters  of  flower  heads  globular,  terminal,  with  a  short 
peduncle  and  provided  with  5  to  8  outer  foliose  bracts  not 
projecting  beyond  the  heads,  and  one  to  two  layers  of  inner 
scarious  bracts,  none  of  which  exceed  the  florets  in  length. 
Partial  heads  1 -flowered,  the  involucre  of  each  floret  consists  of 
6  outer  narrow  bracts,  each  provided  near  the  top  with  a 
tuft  of  fairly  long  hairs,  and  3  inner  broader  and  more 
deciduous  bracts  ;  all  the  bracts  are  scarious  and  concave,  and 
all  have  a  midrib  which  is  more  pronounced  in  the  outer  than 
in  the  inner  bracts.  Receptacle  convex,  and  roughened  on  the 
surface  by  the  points  of  attachment  of  the  florets.  Florets 
hermaphrodite,  tubular  and  5-merous,  the  pappus  consists  of 
a  flattened  ring  of  minute  scaly  hairs  attached  to  the  base  of 
the  corolla.  Florets  somewhat  hardened  at  the  base.  Anthers 
distinctly  tailed  at  the  base.  Style  branches  truncate.  Achene 
compressed  and  surrounded  by  a  conspicuous  mucilaginous 
layer,  which  swells  up  considerably  in  water. 

Salt  swamp  near  Mission  Station,  Dimboola.  St.  Eloy 
D'Alton. 

This  plant  had  been  originally  referred  to  Angianthus,  but 
there  are  9  bracts  around  each  partial  head  of  one  flower.  It 
has  an  external  resemblance  to  Gnephosis  skirrophora,  but  is 
readily  distinguished  by  the  leaf-like  bracts  surrounding  the 
main  heads,  by  the  pappus  and  by  the  mucilaginous  layer  on  the 
achene. 
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Helichrysum  Tbppbri,  F.  v.  M.     Lake  Albacutya,  1903. 

St.  Eloy  D'Alton.  From  Herbarium,  C.  Walter,  under  Podo- 
lepis  Lessoni,  Benth. 

Hibbbrtia  stricta,  R.  Br.,  var.  Readbri,  A.J.E. 

The  variety  comes  nearest  to  the  var.  hirtiflora  of  H.  stricta, 
but  differs  in  the  smaller  flowers,  more  slender  and  glabrous 
stems,  the  leaves  glabrous  on  their  upper  surfaces,  and  in 
general  the  pubescence  less  developed.  The  flowers,  instead  of 
the  usual  8-12  stamens,  have  7-10. 

Casterton,  1908.     F.  M.  Reader. 

Olbaria  Toppi,  n.  sp.,  Ewart  and  White    (after  C.  A.  Topp). 

Shrub  freely  branching,  apparently  1-3  feet  high.  Leaves  \ 
to  \  an  inch  long,  sessile,  linear,  flat,  somewhat  thick,  with  a 
slight  tendency  towards  recurving,  midrib  prominent  at  the 
back,  slightly  rough  and  glabrous.  It  differs  from  Olearia 
muricata,  to  which  it  has  a  superficial  resemblance  in  the  con- 
spicuous re  volute  leaves  of  the  latter.  Leaves  alternate. 
Heads  terminal,  grouped  into  irregular  leafy  corymbs, 
nearly  sessile,  and  surrounded  by  an  involucre  of  3  to  5 
leaf -like  bracts,  somewhat  scarious  at  the  edges,  the  bracts  of 
the  inner  circle  are  the  longest,  and  those  of  the  outermost 
circle  the  shortest.  Six  to  7  ray  florets,  disc  florets  more 
numerous,  5  merous  and  slightly  exceeding  the  involucre. 
Anther  tube  slightly  exserted.  Pappus  bristles  fairly  nume- 
rous, not  quite  all  the  same  length.  Achenes  hairy,  greatly 
compressed,  long  afnd  narrow. 

F.  M.  Reader,  sandy  tracts,  Shire  of  Borung,  1904 ;  Dimboola, 
Mallee  Scrub,  1892. 

New  to  Victoria.  The  specimens  were  marked  provisionally 
by  Mr.  Reader  as  Aster  decurrens,  var.  augustifolia.  It  differs 
from  this  species,  however,  in  the  shorter  obtusely  linear  leaves, 
the  heads  usually  solitary  at  the  ends  of  separate  branches, 
usually  1-3  inches  long,  rather  larger  and  with  more  numerous 
imbricated  bracts.  Achenes  silky,  hairy,  pappus  as  in  Olearia 
decurrens. 
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Mesembrtanthkmcm  bicorxb,  Sond.  (J/,  micranthum,  E.  and  F.V 

Moorna,  Lower  Murray  River,   1887,  N.S.W. ;   banks  of   the 
Murray,  Vict.,  J.  P.  Eckert,  1892. 
Introduced,  but  hardly  naturalised. 


M&tKMBRTAXTHKMUM     5ARMBNTOSUM.    Haw. 

This  is  given  in  the  Kew  Index  as  from  S.  Africa  and  Aus- 
tralia. The  latter  is  incorrect,  and  is  apparently  given  on  the 
authority  of  a  single  old  but  undated  specimen  from  "  Dr.  F. 
M.  Mueller."  marked  Australia  Felix,  but  with  no  other  locality. 
It  is  evidently  a  fragment  taken  from  a  garden.  The  plant  is 
not  a  native  of  Australia,  nor  is  it  even  a  naturalised  alien. 

Mb^BMBRTJLYTHEMI  M     TEGENS,    F.    V.    M. 

This  species,  described  in  the  Fragmenta,  V.,  157,  as  from  low 
meadows  near  Melbourne,  is  retained  as  valid  in  the  Kew 
Index  as  an  Australian  species,  and  at  the  Botanical  Gardens, 
Melbourne,  but  was  dropped  in  the  Census,  without  any  refer- 
ence or  reason  being  given.  I  was  unable,  however,  to  find  any 
species  with  which  it  agreed  from  S.  Africa  or  elsewhere. 
On  reference  to  Kew,  Mr.  X.  E.  Brown  reports  as  follows:  — 

"  It  would  appear  that  the  name  M.  tegens  must  stand  for 
the  plant  sent.  It  is  evidently  nearly  allied  to  M.  clavellatum. 
Haw.  (which  is  quite  distinct  from  M.  australe.  Forst.,  with 
which  Benthnm  united  it),  but  that  species  has  clavate,  obtuse- 
angled  leaves  and  larger,  bright  violet-purple  tiowers.  From  the 
South  African  M.  tilicaule.  Haw..  M.,  reptans.  Ait.,  and  M. 
crassifolium.  Linn.,  it  is  also  quite  distinct.  But  there  are 
specimens  at  Kew  of  a  plant  collected  by  Capt.  Wooley  Dod  on 
Paarden  Island,  near  Capetown,  in  1897.  which  seems  speci- 
fically the  same  as  M.  tegens.  Tliis  does  not  appear  to  be 
described  in  the  Flora  Capensis,  and  no  previous  collector  seems 
to  have  gathered  it.  so  it  is  just  possible  that  it  has  been  intro- 
duced there  from  Australia.  The  two,  however,  require  to  be 
compared  in  the  living  state  to  make  it  quite  certain  that  they 
are  identical/' 
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M.  tegens,  F.  v.  M.,  therefore,  must  be  added  to  the  Victorian 
flora,  although  there  is  a  possibility  it  may  really  be  of  S. 
African  origin. 

Phalaris  commutata,  Rosen  and  Schultz,  Toowoomba,  Canary 

Grass. 

This  unduly  belauded  fodder  grass  is  considered  by  the  Kew 
Herbarium  to  be  Phalaris  bulbosa,  L.,  but  by  Hackel  is  con- 
sidered the  type  of  a  new  species  (P.  stenoptera,  Fedde's  Reper- 
torium,  v.  1908,  p.  333).  Several  growers  report  that  P. 
canariensis  appears  commonly  when  the  plant  is  grown,  and 
there  is  a  possibility  that  the  plant  may  be  a  mixed  hybrid  of 
P.  canariensis  with  p.  arundinacea  and  bulbosa,  the  canari- 
ensis strain  predominating,  and  continually  appearing  in  pine 
form. 

Sttphelia  (Solbniscia)  blbgans,  D.C.,  var  brbvior,  n.  var.,  Max 
Koch,  1907,  Wooroloo,  W.A.,  No.  1347. 

The  variety  has  some  of  the  flowers  two  together  in  the  axil 
of  one  leaf.  Bentham  gives  them  as  solitary  in  the  axils  for 
the  type,  but  even  here  very  occasionally  two  flowers  may  occur 
to  one  leaf.  In  addition  the  flowers  are  shorter,  being  £  to  } 
inch  instead  of  |  to  1  inch,  and  the  upper  half  of  the  corolla 
tube  is  filled  with  dense  white  hairs  continued  over  the  inside 
of  the  lobes. 

The  history  of  the  species  is  curious.  Bentham  in  the  Flora 
Austr.  gives  it  as  S.  tenui flora,  Lindl.,  and  placed  it  in  Sect. 
II.,  Soleniscia,  which  he  characterised  by  the  "  very  slender 
corolla  tube,  quite  glabrous  imide."  This  latter  character  is 
copied  from  Lindley  (Bot.  Reg.  25,  App.,  p.  25,  1839),  who, 
however,  gives  the  name  as  *$'.  tenuifolia.  De  Candolle,  Pro. 
vii.,  737,  had  described  the  species  as  Soleniscia  elcgans  a  year 
previously,  and  noted  that  the  inside  of  the  corolla  was  hairy, 
and  the  species  was  transferred  by  Sonder  (Lehm.  PI.  Pr.  I., 
296)  to  Styphelia.  There  is,  however,  no  justification  for  re- 
ferring* the  plant  to  S.  tcnuiflora,  Lindl.  Lindley  did  not  use 
this  name,  he  gives  a  different  description,  and  at  a  later  date 
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than  that  given  by  De  Candolle.     Mueller  (Census)   and    the 

Kew  Index  have  both  followed  Bentham's  error,  which   needs 
correction. 


Thtsanotus  Bbntianus,  n.  sp.,  Ewart  and  White  (named  after 
Sir  Thomas  Bent  in  recognition  of  the  Grant  by  the  Vic- 
torian Government  of  1908  of  £1000  to  Research). 

Herbs  from  one  and  a-half  to  3  inches  in  height.  Roots 
fibrous,  without  tubers.  Leaves  radical,  more  numerous  than 
those  of  Thysanotus  triandrus,  which  this  species  somewhat 
resembles.  Leaves  much  shorter  than  in  T.  triandrus,  and 
very  densely  beset  with  fairly  long,  rigid  hairs,  the  hairs  being 
more  than  twice  as  thick  as  any  of  many  specimens  of  S. 
triandrus  examined.  The  leaves  are  also  more  cylindrical  than 
those  of  T.  triandrus,  and  also  the  cells  of  the  palisade  paren- 
chyma are  longer  than  they  are  in  T.  triandrus. 

Scapes  simple,  exceeding  the  length  of  the  leaves  by  about 
half  their  length,  while  in  T.  triandrus  the  scapes  are  relatively 
longer.  There  is  usuallly  a  single  terminal  umbel  of  flowers, 
the  bracts  of  the  inflorescence  being  much  larger  and  more 
conspicuous  than  in  T.  triandrus,  but  there  may  be  also  occa- 
sionally a  small  umbel  situated  below  the  terminal  one. 
Flowers  much  smaller  than  in  T.  triandrus  and  pedicels  shorter, 
stamens  3,  opposite  the  petals,  the  anthers  being  about  the 
same  length  as  the  filaments.  Youndegin,  W.  Australia,  Alice 
Eaton,  1893. 

Triolochin  Ml'CRONATA,  R.  Br. 

In  Bent-ham's  Flora  (vol.  7,  p.  168)  this  is  given  as  1-3 
inches  high,  or  sometimes  double  that  in  luxuriant  specimens, 
and  the  leaves  shorter  than  the  scape.  Two  forms  seem,  how- 
ever, recognisable  as  varieties  which  do  not  agree  in  these 
respects. 

(a)  Variety  lonc/iscapa,  n.  var.  The  leaves  are  shorter  than 
the  scapes,  but  the  latter  reach  a  height  of  8-11  inches.  Murray, 
W.  Austr.,  Oldfield. 
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(b)  Variety  longif&im^  n.  var.  The  longer  leaves  overtop 
the  scapes  by  1  or  2  inches  and  tta  latter  are  mostly  5-7  inches 
long.  Cowcowing  in  lake  country.  M.  Koch,  1904,  No.  1144. 
A  specimen  from  N.  of  the  Stirling's  Range,  1887,  appears  to  be 
a  young  form  of  the  same  variety.  Though  so  much  larger  than 
the  type,  both  varieties  appear  to  be  annual. 


Urodon. 

This  genus  was  founded  by  Turczaninow  (Bull.  Soc.  Imp.  de 
Nat  de  Moscou,  1894,  iii.,  p.  16)  for  a  specimen  of  Drummond's 
(Coll.  iv.,  No.  21,  Urodon  capitatus),  on  the  basis  of  the  follow- 
ing characters :  — 

"  Calyx  two  basal  bracts,  unequally  bilabiate,  two  upper 
teeth  broad,  all  with  setaceous  acuminate  points.  Corolla 
papilionaceous,  petals  clawed,  standard  broad  emarginate,  carina 
obtuse,  wings  slightly  shorter.  Stamens  10,  filaments  free. 
Ovary  shortly  stalked,  biovulate,  villous.  Style  much  longer 
than  the  ovary,  base  scarcely  dilated,  pubescent,  the  upper  part 
filiform  and  glabrous,  stigma  minute." 

Urodon  capitatus.  A  glabrous  branching  shrub,  flowers  in- 
stalked  involucrate  heads,  standard  and  wings  red  when  dry, 
keel  dark  purple.  Related  to  Phyllota  but  distinguished  by  the 
shape  of  the  calyx,  stalked  ovary,  carina  and  wings. 

At  a  later  date  Turczaninow  distinguished  a  second  species 
U.  dasyphyllus  (1853,  ii.,  p.  268)  in  a  specimen  from  Drum- 
mond's Vth.  Coll.,  No.  47,  which  had  been  mixed  with  Sphacr- 
olobium  Drummondii.  The  leaves  were  longer,  flowers  larger, 
stems  and  leaves  hairy,  etc. 

Bentham,  evidently  on  superficial  examination  only,  sup- 
pressed the  genus  and  both  species,  and  raised  a  new  species  of 
Pultenaea  (P.  Urodon,  Benth.).  Mueller  equally  incorrectly 
transferred  these  plants  to  Phyllota  Urodon,  F.  v.  M.  The 
genus  Urodon,  though  intermediate  between  Phyllota  and 
Pultenaea,  is  quite  distinct  from  both.  It  resembles  Pultenaea 
in  the  shortly-stalked  ovary,  the  thread-like  style  not  dilated 
below  the  middle,  and  the  flattened  leaves  not  unrolled  at  the 
edges  nor  heath-like. 
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It  resembles  Phyllota,  in  the  absence  of  a  strophiole,  the 
stamens  slightly  but  distinctly  united  to  the  corolla  at  the  ex- 
treme base,  but  differs  entirely  in  habit,  leaves  and  the  petals 
all  about  f  inch  long,  and  other  features  mentioned.  The  style 
and  calyx  persist,  the  ovate  pointed  pod  having  2  seeds  on 
short  funicles. 


Urodon  CAPITATU8,  Turcz. 

An  erect  shrub  apparently  1-2  feet,  leaves  practically  sessile, 
the  stalks  dec ur rent,  glabrous,  somewhat  obtuse,  £  to  §  cm.  long, 
the  leaves  around  the  heads  much  larger  and  broader,  more  or 
less  purple  on  the  backs,  forming  a  very  distinct  involucre. 

Drummond,  iv.,  No.  21,  W.A.  type;  M.  Koch,  1905,  L. 
Monger  and  Watheroo,  W.A.,  No.  1303  (involucral  leaves  still 
broader  than  the  type). 


Urodon  dastphtllus,  Turcz. 

This  is  distinguished  by  its  shortly  but  distinctly  stalked 
leaves,  which  are  narrower,  longer  (1  cm.  or  more),  pointed 
and  hairy.  The  heads  are  usually  single,  but  sometimes  2  or  3 
are  clustered  together  on  short  separate  stalks,  the  involucral 
leaves,  though  sometimes  a  little  longer,  do  not  differ  appreci- 
ably from  the  foliage  leaves.  This  is  the  plant  which  has  been 
generally  known  as  Pultenaea  or  Phyllota  Urodon.  Various 
localities  in  W.  Austr.  The  colour  varies  from  yellow  to 
reddish  brown,  the  keel  usually  being  darker. 

Var.  ovalifolius,  n.  var.  This  is  usually  short  and 
condensed,  6  inches  or  so  in  height,  the  leaves  shorter, 
broader,  very  hairy,  densely  set.  A  specimen  of  Drummond's 
from  W.A.  links  this  variety  to  the  type  form  having 
the  habit  of  the  variety,  but  the  more  pointed  and  narrow 
leaves  of  the  type.  Wangering,  W.  Austr.,  R.  Helms,  1891  ; 
Coolgardie,  W.  Austr.,  McPherson,  1895;  Parker's  R.,  W. 
Austr.,  Merral,  1892. 

As  the  genus  has  not  previously  been  figured,  full  figures  of 
the  variety  are  given. 


/HU 


Proc.  R.S.  Victoria,  190S.       Plate  XXX. 


Figs.  1-2— Baeckea    Eaton i ana,  Ewart  and  White. 
Figs.  3-8— Gnephosis    Baracchiana,  Ewart  and  White. 


Proc.  R.S.  Victoria,  1908.       Plate  XXX I. 


Olearia   Toppi,   Ewart  and  White. 


Proc.  R.S.  Victoria,  1908.       Plate  XXXII. 


Thysanotus    Bentianus,   E wart  and  Whit' 


Proc.  K.S.  Victoria,  1908.       Plate  XXX  HI. 


Urodon   dasyphyllus,  Turcz.,  var.   ovalifolius,  Ewart  &  White. 
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EXPLANATION  OF  PLATES  XXX.-XXXIII. 

Plate  XXX. — Figs.  1  and  2,  Baeckea  Eatoniana,  Ewart  and 

White. 

Fig.  1,  petal  and  stamens.  Fig.  2,  vertical  section  of  flower. 
Figs.  3-8,  Gnephosis  Baracchiana,  Ewart  and  White. 

Fig.  3,  entire  plant;  4,  side  view  of  receptacle  and  genera* 
involucre  5,  the  same  from  above;  6,  single  floret,  separated 
from  its  bracts ;  7,  one  of  the  outer ;  8,  one  of  the  inner  bracts 
from  a  floret. 


Plate  XXXI.— Oharia  Toppi,  Ewart  and  White. 

Fig.  1.     Small  piece  of  flowering  branch. 

Fig.  2.     Disc  floret,  enlarged. 

Fig.  3.     Transverse  section  of  leaf,  highly  magnified. 


Plate  XXXII. — Thysanotus  Bentianus,  Ewart  and     White 

Fig.  1,  entire  plant ;  2,  transverse  section  of  leaf ;  3,  the  same 
of  T.  triandrus. 


Plate  XXXIII. — Urodon  dasyphyllus,  Turca.,  var. 
ovalifolius,    Ewart  and  White. 

1.  Complete  plant.  2.  Calyx  and  bracteoles.  3.  (a)  and  (b) 
Standard  with  stamens  attached,  front  and  side  view.  4.  Wing 
with  stamen  attached.  5.  Carina.  6.  Ovary.  7.  Ovary-opened 
to  show  one  of  the  seeds.     8.  Fruit  within  calyx. 


ERRATUM. 

Page  540,  line  10 :    For  VI.-IX.  read  XXX.-XXXIII. 
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ANNUAL    REPORT    OF    THE    COUNCIL 

FOB    THE     YEAE,     1907. 


The  Council  herewith  presents  to  Members  of  the  Society  the 
Annual  Report  and  Details  of  Receipts  and  Expenditure  for  the 
year  1907. 

The  following  meetings  were  held  : 

March  14th — Annual  Meeting  and  Election  of  Officers. 
Ordinary  Meeting.     No  papers  were  read. 

April  11th — Papers  read:  1.  "A  Living  Descendant  of  an 
Extinct  (Tasmanian)  Race,"  by  Prof.  R.  J.  A.  Berry,  M.D.,  dec. 
2.  "  A  Note  on  the  Bedding  of  Tuffs,"  by  T.  S.  Hall.  3.  "A  New 
Chiton  from  North  Queensland  (Enoplochiton  torrii,"  by  R.  A. 
Bastow  and  J.  H.  Gatliff.  4.  "  Additions  to  the  catalogue  of 
Marine  Shells  of  Victoria,"  by  J.  H.  Gatliff.  Exhibits: 
Specimens  of  Enoplochiton  torrii  in  illustration  of  their  paper,  by 
Messrs.   Bastow  and  Gatliff. 

May  9th — A  Lecture  was  delivered  by  Mr.  A.  C.  H.  Rothera, 
M.A.,  entitled  "Life  and  Death." 

June  13th — Papers  read:  1.  "Fossil  Fish  Remains  in  the 
Tertiaries  of  Australia,  Part  II.,"  by  F.  Chapman,  A.L.S.,  and 
G.  B.  Pritchard,  F.G.S.  2.  "  The  Movements  of  the  Soluble 
Constituents  in  Fine  Alluvial  Soils,"  by  Prof.  A.  J.  Ewart,  D.Sc, 
Ph.D.  Exhibit :  A  dry  cell  ten  years  old  and  still  active,  by 
J.  A.  Smith. 

July  11th — A  Lecture  entitled  "Some  recent  discoveries  on 
the  protection  of  the  body  against  disease,"  by  Dr.  R.  J.  Bull. 
The  paper  was  illustrated  by  lantern  slides.  Paper  read  :  "Con- 
tributions to  the  Flora  of  Australia,  Part  6,"  by  Prof.  A.  J. 
Ewart.  Exhibits  :  Microscope  slides  in  illustration  of  Dr.  Bull's 
lecture,  by  O.  A.  Sayce.  Plants  dealt  with  in  his  paper,  by 
Prof.  A.  J.  Ewart. 

August  8th — The  following  demonstrations  were  given: 
1.    Determination  of  the  length  of  the  vessels  in  tree-stems  by 
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means  of  mercury.  The  injection  had  been  made  in  the  Univer- 
sity Laboratory  by  Miss  Rees.  2.  Prof.  Ewart  showed 
transverse  sections  of  wood  mounted  as  lantern  slides.  Dr.  H. 
Green  showed  a  new  form  of  barometer  devised  by  himself. 
4.  Mr.  O.  A.  Sayce  showed  slides  of  Nitrogen  bacteria  of  the 
soil  and  explained  the  mode  of  obtaining  pure  cultures.  5.  Mr. 
Kershaw  showed  the  fore-limb  of  an  ox  in  which  the  two  digits 
had  fused  to  form  a  single  bone  with  a  single  hoof. 

September  12th — A  series  of  lantern  slides  illustrating  the 
geology  and  physiography  of  the  Victorian  coast  was  exhibited 
by  R.  H.  Harvey  and  T.  S.  Hall. 

October  10 — Paper  read  :  "The  Geology  of  Moorooduc  in  the 
Mornington  Peninsula,"  by  Prof.  E.  W.  Skeats.  Exhibits  :  Mr. 
E.  J.  Dunn  exhibited  :  1.  Eclogite  from  Transvaal ;  2.  Thoria- 
nite  from  Ceylon ;  3.  Monazite  from  Queensland.  Mr.  T.  S. 
Hall  exhibited  abnormally  grown  teeth  of  a  rabbit  and  teeth  of 
shark,  walrus,  horse  and  crocodile  in  illustration  of  his  remarks. 

November  14th — Members  of  the  House  and  Printing  Com- 
mittee for  the  following  year  were  elected.  Papers  read : 
1.  "  On  the  Formation  of  Red-wood  in  Gymnosperms,"  by  Miss  J. 
White,  M.Sc.  2.  "  On  the  Validity  of  Callitris  niorrisoiii,"  by 
R.  T.  Baker.  3.  "  Contributions  to  the  Flora  of  Australia,  Part 
7,"  by  Prof.  A.  J.  Ewart.  4.  "  On  the  Occurrence  of  a  Mar- 
*upium  in  an  Echinoid  belonging  to  the  Genus  Scutellina,"  by 
T.  S.  Hall.  Exhibits:  1.  Mr.  Hall  showed  specimens  in  illus- 
tration of  his  paper.  2.  Mr.  Chapman  showed  devitrified  glass 
from  the  great  fire  of  Chicago,  together  with  microscope  slides  of 
the  same. 

December  12th — The  auditors  were  appointed  for  the  year. 
The  following  papers  were  read: — 1.  "Contributions  to  out- 
knowledge  of  the  Anatomy  of  Australian  Batrachia,"  by  Miss  G. 
Sweet,  D.Sc.  2.  "The  Highlands  and  Main  Divide  of  Western 
Victoria,"  by  T.  S.  Hart,  M.A.,  F.G.S.  3.  "  New  or  little  known 
Victorian  Fossils  in  the  National  Museum,  Pt.  IX." — Some 
Tertiary  Species,  by  F.  Chapman,  A.L.S.  Exhibits:  Mr. 
Chapman  showed  the  species  dealt  with  in  his  paper. 

The  Council  desires  to  thank  Mr.  A.  C.  H.  Rothera,  and  Dr. 
R.  J.  Bull  for  the  lectures  they  delivered  before  members  of  the 
Societv. 
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During  the  year  one  member  and  four  associates  were  elected, 
and  three  members  and  three  associates  resigned.  In  addition 
two  honorary  and  two  ordinary  members  and  one  associate  have 
died. 

Robert  Lewis  John  Ellery,  C.M.G.,  F.R.S.,  F.R.A.S.,  was  born 
in  England,  on  July  14th,  1827.  He  arrived  in  Australia  at  the 
end  of  1851,  and  established  the  Williamstown  Observatory  in 
1853.  He  organised  the  Torpedo  Corps  in  connection  with  the 
Defence  Force  in  1873,  and  rose  to  the  position  of  colonel.  He 
joined  the  Royal  Society  of  Victoria  in  1856.  He  was  elected 
to  the  Council  in  1863,  and  was  Secretary  in  1864,  and  Vice- 
President  in  1865.  In  1867  he  became  President,  and  held  this 
office  till  1884,  a  period  of  eighteen  years.  He  then  served  on 
the  Council  till  the  end  of  1905,  when  he  declined  re-election. 
He  was  Director  of  the  Geodetic  Survey  from  1858  to  1874. 
Elected  F.R.A.S.,  1859;  F.R.S.,  1863;  and  was  created  C.M.G. 
in  1889.  In  1895  he  retired  from  the  directorship  of  the  Obser- 
vatory, died  on  January  14th,  1908.  His  energy  long  made  him 
the  mainspring  of  our  Society,  and  his  resourcefulness  helped  us 
in  many  a  time  of  difficulty.  Including  several  Presidential 
Addresses  and  a  few  papers  represented  by  title  only,  Mr.  Ellery 
is  represented  by  73  papers  in  the  publications  of  our  Society, 
his  communications  being  concerned  mainly  with  physical  and 
astronomical  questions.  Mr.  Ellery 's  kindly  nature  and  fund 
of  humour  made  him  a  universal  favourite,  and  he  passed  away 
loved  and  respected  by  all. 

John  Dennant,  F.G.S.,  joined  the  Society  in  1886,  and  died  on 
June  13th,  1907.  His  work  as  Inspector  of  Schools  entailed  a 
good  deal  of  travelling,  and  he  had  a  wide  knowledge  of 
Victorian  Geology.  He  contributed  several  papers  on  tertiary 
geology  to  our  Society,  both  by  himself  and  in  conjunction  with 
others.  Most  of  his  work  however  appeared  in  the  Transactions 
of  the  Royal  Society  of  South  Australia,  where  he  wrote  with 
Professor  R.  Tate  on  Tertiary  Geology,  and  alone  on  Corals,  both 
recent  and  fossil.  He  was  a  President  of  this  Society,  and  acted 
on  the  Council  for  many  years. 

Henry  Chamberlain  Russell,  C.M.G.,  B.A.,  F.R.S.,  an 
Honorary  Member  of  the  Society,  was  born  in  New  South  Wales 
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in  March,  1836.  He  was  appointed  Government  Astronomer  t>f 
that  State  in  1870  and  died  on  February  22nd,  1907.  Mr. 
Russell's  writings  appeared  chiefly  in  publications  of  his 
Observatory  and  in  those  of  our  sister  Society  in  New  South 
Wales.  He  was  one  of  the  Founders  and  a  Trustee  of  the 
Australasian  Association  for  the  Advancement  of  Science. 

Lorimer  Fison,  M.A.,  D.D.,  was  educated  at  Caius  College, 
Cambridge.  After  some  years  in  Australia  he  became  a  Metho- 
dist Missionary  to  Fiji.  While  there  he  contributed  largely  to 
L.  H.  Morgan's  work  on  Systems  of  Consanguinity.  On  return- 
ing to  Australia  he  studied  the  social  organisation  and  marriage 
relationship  of  the  Australian  tribe,  and  in  conjunction  with  Dr. 
A.  W.  Howitt  published  "  Kamilaroi  and  Kurnai,"  which  laid 
the  foundation  of  the  scientific  study  of  Australian  Aborigines. 
He  published  several  papers  in  the  Journal  of  the  Anthro- 
pological Institute.  After  a  long  period  of  infirmity  he  died  at 
Essendon  on  29th  December.  In  recognition  of  his  scientific 
services  he  was  granted  a  pension  on  the  Civil  List  by  the 
British  Government. 

Sir  James  Hector,  K.C.M.G.,  M.D.,  F.R.S.,  late  director  of 
Geological  Survey  of  New  Zealand,  was  elected  an  honorary 
member  in  1888. 

The  Government  has  at  last  been  moved  by  our  necessities,  and 
has  given  us  an  additional  £50  towards  publication.  Our  total 
grant  is  now  £100  per  annum,  and  the  Society  is  grateful  for 
this  amount  of  support  given  to  its  work.  A  portion  of  the 
ground  belonging  to  the  Society  has  been  leased  to  the  Common- 
wealth Meteorological  Bureau  as  a  site  for  an  observing  station 
for  the  Metropolitan  area.  It  is  proposed  to  devote  the  amount 
received  as  rent  to  improvements  and  repairs  to  the  house  and 
grounds,  which  are  sadly  in  need  of  attention. 

A  conference  was  summoned  by  Professor  W.  Baldwin  Spencer 
to  consider  the  question  of  the  Reservation  of  Wilson's  Promon- 
tory as  a  National  Park.  The  Council  appointed  Mr.  J.  A. 
Kershaw  its  representative.  Certain  recommendations  were 
agreed  to,  and  a  deputation  to  tjje  Minister  of  Lands  was  very 
well  received.  It  was  promised  that  the  reserve  would  be  inadt; 
permanent,  that  it   would    be  vested  in  trustees,  and   that   the 
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amount  received  from  grazing  rights  would  be  handed  over  to  the 
trustees  for  maintenance.  The  final  arrangements  have  not  yet 
been  made. 

During  the  year  there  was  an  unusual  dearth  of  papers  pre- 
sented to  the  Society,  but  we  begin  the  present  year  with  a  much 
better  outlook  in  that  respect,  and  several  lengthy  papers  are 
under  consideration  by  the  Council. 

The  Hon.  Librarian  reports  as  follows  : — 

During  the  year  1907,  1478  publications  were  added  to  the 
Library,  while  159  volumes  were  bound.  A.s  many  important 
publications  are  still  unbound  I  should  like  to  suggest  that  a 
further  sum  be  voted  for  this  purpose. 

The  question  of  additional  shelving  is  becoming  an  urgent 
one ;  if  the  proposals  of  the  Sub-committee  appointed  to  report 
on  this  matter  be  adopted,  ample  accommodation  will  be 
provided  for  many  years. 
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§lopl   #0cutg  of  Victoria. 


1908. 


ihttron  : 

SIR    REGINALD    TALBOT,    K.C.B., 

Suoceeded  by 

SIR   THOMAS   GIBSON    CARMICHAEL,    BART. 

{Irrsibrnt  : 

P.    BARACCHI,    F.R.A.S. 


Dicr-firrsibttits  : 

PROF.   E.   W.  SKEATS,   D.Sc.,  A.R.C.S. 
PROF.   R.   J.   A.    BERRY,   M.D.,   F.R.S.I 


S)on     treasurer  : 

J.   SHEPHARl). 

$}on.    librarian  : 

R.    I>.    BOYS,    B.A. 

Hon.    tStcrrtrtrp  : 

T.    S.    HALL,    M.A.,   D.St. 


Council 


PROF.   A.  J.   EVVART,  D.Sc.,  Ph.D. 

P.    dr  J.   ORUT. 

DR.   J.   JAMIESON,  M.D. 

J.   A.  KERSHAW,   F.E.S. 

W.   A.   HARTNELL. 

C.    E.    OUVTIR,   M.C.E. 

E.  J.   DUNN,  F.G.S. 


PROF.    W.   C.    KERNOT,    M.A.,  M.C.K. 
PROF.   W.   BALDWIN   SPENCER, 

C.M.G.,  M.A.,  F.R.S.  replaced  by 

F.  WI8EWOULD. 

G.  SWEET,   F.G.S. 

K.   H.   WALCOTT,   F.G.S 
E.   J.    WHITE,    F.R.A.H. 


(ffnmmittm   of  tlje  (Jnunril 


House    Committee : 

THE    HON.    TREASURER   (Coxvksjbr). 
P.    de   J.    ORITT. 
O    SWEET,   F.O.8. 


printing    Committee : 

THE    HON.    TREASURER. 

THE    HON.    SECRETARY    (Cohvkher). 

PROF.   A.   J.   EWART,   D.Sc.,   Ph.D. 


Hononirii    ^Cubitors  : 


J.    E.    GILBERT. 
J.   A.   SMITH. 


$)onov.tvji    Architect : 

W.    A.    M.    KLACKETT. 


trustees = 

P.   BARACCHI,   F.R.A.S. 

PROFESSOR  W.   C.    KERNOT,   M.A.,   M.C.E.,  &c. 
PROF.    W.    BALDWIN    SPENCER,   C.M.G.,   M.A.,   F.R.S. 
E.    J.    WHITE,    F.R.A.8. 


1908. 
LIST    OF    MEMBERS, 

WITH   THEIR  YEAR  OF  JOINING. 


Patron. 
His  Excellency  Sir  Thomas  Gibson-Carmichael,  Bart.  ...     1908 

Honorary  Members. 
Forrest,  The  Hon.  Sir  J.,  K.C.M.G.,  West  Australia  ...     1888 

Liversidge,     Professor   A.,    LL.D.,     F.R.S 1892 

Neumayer,  Prof.  George,  Ph.D.,    F.R.S.,  Neustadt    a.d.     1857 
Haardt,  Germany 
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